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GENERAL PREFACE 


) 

Th^ rapid development of Applied Obemistry in recent yearn 
has brought about a revolution in all branches of technology. 
This growth has been accelerated during the war, and the 
Sritish. Empire has now an opportunity of increasing its , 
industrial output' by the application of this knowledge to the 
raw materials available in the different parts of the world. 
The subject in this series of handbooks will be treated from 
the, chemical rather than the engineering standpoint. The 
industrial aspect will also be more prominent than that of 
the laboratory. Each volume will be complete in itself, and 
will give a general survey of the industry, showing how 
chemical principles have been applied and have affected 
manufacture. The influence of new inventions on the 
development of the industry will be shown, as also the 
effect of industrial requirements in stimulating invention. 
Historical notes will be a feature in dealing with the 
diflerent branches of the subject, but they will be kept 
within moderate limits. Present tendencies and possible 
future devdopments will have attention, and some space 
will be devoted to a comparison of industrial methods and 
progress in the chief producing countries. There will be a 
general bibliography, and also a select bibliography to loUow 
each section. Statistic^ information will only be iiitroduced 
in so far as it serves to illustrate the line of argument. 

Each book will be . divided into sections instead of 
chapters, and the sections will deal with separate branches 
of subject in the manner of a special article or mono- 
graph. An attempt will, in fact, be made to get away from 
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the orthodox textbook m anne r, not only to make the treat- 
ment original, but also to appeal to the vfery large class of 
readers ^eady possessh^ good textbooks, of which there 
are quite sufficient. The books should also be found useful 
by men of affairs having no special technical knowledge, but 
who may require from time to time io refer to technical 
matters in a book of moderate compass, with references to 
the large standard works for fuller details on special points 
if required. 

To the advanced student the books should be especially 
valuable. His mind is often crainmed with the hard facts 
and details of his subject which crowd out the power of 
realizing the industry as a whole. These books arc intended 
to remedy such a state of affairs. While recapitulating .th? 
essential basic facts, they will aim at presenting the reality 
of the hving industry, It has long been a drawback of our 
technical education that the college graduate, on commencing 
his industrial career, is positivdy handicapped by his 
academic knowledge because of bis lack of inJformation on 
current industrial conditions. A book giving a compre- 
hensive survey of the industry can be of very material 
a^istance to the student as an adjunct to bis ordinary text- 
books, and this is one of the chief objects of the present 
series. Those actually engaged in the industry who have 
specialized in rather narrow limits wiU probably find t he se 
books more readable than the larger textbooks when they 
wish to refresh their memories in regard to branches of the 
subject with which they are not immediately concerned. 

■ The volume will also serve as a guide to the standard 
literature of the subject, and prove of value to the con- 
sultant, so that, having obtained u comprdiendve view of 
the whole industry, he can go at once to the proper 
authorities for more daborate information on qiedal points, 
and thus save a couple of days spent in hunting through the 
libraries of scientific societies. 

As fax as this country is concerned,, it is believed that 
the general scheme of t hi s senes of handbooks is unique, 
and it is confidently hoped that it will st^ply mentai 
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mtmitions for the coming industrial war. I have been 
fortunate in securing writers for the different volumes who 
are specially connected with the several departments of 
Industrial Chemistiy, and trust that the whole series will 
contribute to the further develc^ment of applied eTiemistry 
throughout the Empire. 


SAMUEI/ EEDEAE. 
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In the following pages the Author has endeavoured to give 
a clear account of the most important S3nathetic dyes and 
the intermediate compounds from which they are derived. 
No attempt has been mside to enumerate all the inter- 
mediate compounds and dyestuffs actually manufactured, 
nor to give all the processes that have been proposed for 
the manufacture of those mentioned, but as far as possible 
the Author has confined himself to those processes most 
likely to prove of technical value. ' Also, tiie book being 
essentially one on Industrial Chemistry, information of 
purely academic interest has been largely omitted except in 
a few cases where it was thought advisable to give it. 

The number of patents taken out by the German finps 
.for the manufacture of intermediate products and dyestuffs 
is very large, and in spite of the optimistic claims made in 
the specifications, only a few of them are workable as com- 
mercial propositions. It has long been the custom of these 
firms, when taking up a subject, to put down a barrage of 
patents in order to block access and at the same time to act 
as h kind of camouflage and disguise the processes actually 
in use. I^or the same reason the specifications are usually 
carefully drawh up so as to give as little information as is 
compatible with validity, and much skill is exhibited in 
this directiou. Conseq[uently the reader who finds a patent 
describing a process in detail must not conclude that he 
has all the information n«:essary in order to manufaciture. 
No doubt the description given will enable him to make the 
compound in question, but whether it will enable him to do 
so at a profit is quite another question. 

In the same way the detailed desorptions of processes 
which appear from time to time in. the tect|nical Press must 
not be taken too'setkmsly. The, rnajorliy of them seem to 
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be written either by men who have no technical experience 
or are written with intent to deceive. 

There is no short cut to success in chemical industry, 
and the only satisfactory method is to gather all informa- 
tion available and then tr37^ out the various processes m 
the laboratory. Having selected the most promising, it 
must then be thoroughly exammed with a view to deter- 
mioing the most economical conditions, which are not 
necessarily those giving the best yield. Manufacturing 
cost is made up of many items, such as cost of material, cost 
of power, labour, deterioration of plant, interest on capital , 
etc., and in determining the most economical process, each 
of these must be taken into consideration. For example, a 
process givh^ a good 3deld but requiring much time may 
well be less economical on the score of capital charges than 
another process giving a less good judd but requiring less 
time and hence less plant per unit output. In the same 
waj’^ deterioration is a serious item in a chemical works, and 
yield must frequently give way to lessened corrosion. 

Finally, after the most economical conditions have been 
determined as far as possible in the laboratory, the process 
must be tried out on a semi-large scale in plant constructed 
on the same lines and of the same material as .the proposed 
manufacturing installation but of about one-tenth the size. 
Unfortunately many British works omit this most im- 
portant step and go on the theory that, if a process gives 
good results in glass apparatus on the laboratory scale, it 
will give equally good results in iron plant in tiie works. 
A greater mistake could not be made, and to transfer a 
process direct from the laboratory to the works is to court 
failure. Even if the laboratory process does prove well 
suited to large-scale operations, the practical hmts gained 
by a semi-large scale trial will more than repay the cost of 
such experimental work. 

For the benefit of those readers who are not accustomed 
to looking up patent literature, attention is drawn to the 
fact that two German works have been published dealing 
exclusively with organic chemical patents. These are 
Friedlander’s "Fortschritte der Teeriarbenfabribation," 
vols. i.-ix., 1877-1914, and Winter's "Patente der 
orgardschen Chemie,” in three volumes 1877-1905. In 
both publications the specifications are classified with 
regard to the chemical nature of the substances dealt with. 
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each crouu being preceded by a carefuUy written survey. 
Tiievfonn by far the most convenient source of patent 

the following pages have been given to the 
rather than to the British. The third volume of ® 

contains a table of German pat^t nimbus, 
together with the numbers of the correspondhig BiitJsh, 
French, and American patents, the ^e of which frequently 
•saves a weary search in the Patent Office. 

T7. nK TtARRY BARNETT. 


London/ 

yanuaty, 1919 - 
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INTRODUCTION 

Historical Sketch. — ^Although picric acid was obtained 
from phenol as far back as 1849, the expense of production 
was so great that it could not be manufactured for use as 
a dyestuff. The modem coal-tar colour industry dates 
from 1856, in which year W. H. Perkin, senior, obtained 
mauveine by the action of potassium bichromate on impure 
aniline, and set up a factory at Greenford Green for its 
manufacture. It must be borne in mind that at this period 
the constitution of benzene was quite unknown, and that 
the methods of obtaining it from coal tar were very crade, 
so that investigations of its derivatives could only be carried 
out with difficulty and more or less on the hit-or-miss principle. 

Perkin's discovery naturally excited great interest, and 
iimnediately led to the investigation of the action of other 
oxidizing agents on crude aniline. This resulted in the 
discovery of magenta in 1859 by Verguin, who obtained it by 
l igg+ing gnilitip with stanoic chloride and manufactured it 
on a commercial scale in conjunction with Renard frferes et 
Prank at Tyons. Although Verguin was the first to manu- 
facture magenta he was not the actual discoverer of the 
dyestuff, as it had been obtained from aniline and ethylene 
chloride by Natanson in 1856, and from aniline and carbon 
tetrachloride by Hofmann in 1857, although by neither of 
these processes was it made tedtmically. Further study 
led to the introduction of the arsenic acid process in i860 
and the nitrobenzole process in i86x. Another important 
discovery, the full value of which was not recognized at 
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tlie time, resulted from experiments made in the oxidation 
of aniline. In 1862 Lightfoot obtained aniline black, and in 
the next year patented methods of applying it to the fibre. 

The study of benzene derivatives was still carried on 
by purely empirical methods, and in i860 Girard and de 
Laire obtained the first synthetic blue dye (rosaniline blue) 
by h pgtitig magenta with aniline, without, however, under- 
standing the nature of the chemical reaction. Rosaniline 
blue had the great disadvantage of being insoluble in water, 
but this was remedied by Nicholson in 1862, who obtamed 
soluble sulphonic acids (Nicholson’s blue) by treating it with 
sulphuric acid. This was an epoch-making discovery, as, a 
few years later, it rendered possible the use of azo bodies 
as acid dyes. 

The next step was made by Hofmann, who recognized 
rosaniline blue as a phenylated rosaniline, and at once set to 
work to make the corresponding ethyl derivatives. This 
he achieved in 1863, when he introduced Hofmann’s violet, 
obtained by treating rosaniline witli ethyl iodide, and three 
years later the process was carried a step furtlicr by 
Keisser, who mtroduced a more higlily ethylated compound, 
iodine green. These only had a short life as dyestuffs, as 
in 1866 Tauth and Bardy investigated the action of oxidizing 
agents on the recently discovered dimethyl aniline and ob- 
tained methyl violet. This was manufactured by the firm 
of Poirrier et Chappat and owing to its lower price, rapidly 
replaced Hofmann’s violet. In the meantime the magenta 
process had not been neglected and several investigations 
had been carried out on the bye-products formed. These 
led to the isolation of chrysaniline by Nicholson in 1862, 
although its constitution as an acridine derivative was not 
recognized until 1884, and of safEranine by Perkin in 1863. 

The next year, 1864, saw the introduction of the &st 
azo colour (Bismarck brown) , although it was not until twelve 
years later that the full importance of this discovery was 
recognized, by which time Griers and Kekul6 had published 
their work on the constitution of the diazo and azo com- 
pounds. 
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Until 1865 aniline colours had only been obtained by 
purely empirical methods, but in this year Kelcul 4 published 
his benzene theory, and at once placed the ■whole chemistry 
of the aromatic compounds on a scientific basis. One of 
the most important discoveries immediately following the 
enunciation of the benzene theory was the S3mthesis of 
alizarine in 1869 by Perkin in this country, and by Graebe 
and I/iebermann in Germany. Apart from the commercial 
interest the discovery was notable, as it was the first time 
that a plant dyestuff had been made synthetically, and it was 
the first time that the process of alkali fusion was carried 
out on the large scale. 

The year 1871 saw the introduction of fluoresceine and 
1874 eosin. 

Two important discoveries were made at this period. 
In 1873 Bretonierre obtained the first sulphide colour 
(cachou de Uaval) by heating organic refuse such as straw, 
wood chips, and the like, with sulphur, and 1875 may be 
regarded as the birth year of the azo colours. It is true 
that the first azo colour (Bismarck brown) had been inti oduced 
twelve years previously, but it ■w'as not tmtil the discovery 
of chrysoidine in 1875 by Caro that any great importance 
was attached to the azo compounds as dyestuffs. The next 
year saw the introduction of acid azo colours (Orange I., II., 
III. and rv.), and in 1878 Caro found that by ■using naph- 
thionic acid in place of sulphamlic acid he obtained red azo 
dyes. The same year saw the introduction of naphthol 
sulphonic acids as components and led to the recognition 
of the influence of the position of the sulphonic acid groups, 
the Ponceaus being obtained by coupling diazotized xyli- 
dine with R or G acid. A year later the first disazo dye 
(Biebtich scarlet) was placed on the market, and four years 
after the first black azo dye was obtained by substituting 
naphthionic acid for sulphanihc acid. 

In the meantime the other groups of dyes had not been 
neglected. In 1877 Caro had applied Nicholson’s sulpliona- 
tion process to magenta, and had obtained acid magenta, 
and in 1878 Dobner had introduced malachite green. 
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Ivautli iu 1876 obtaiuecl tliiouiile (I/auth’s violet), but 
the yields -were so bad that it was never mamifactuied. 
The next year, however, saw the introduction of methylene 
blue by Caro, and the preparation of the first indamine by 
Nietzld. 

The dyestuff industry was now firmly established on a 
scientific and commercial basis, and steady progress was 
made iu all directions. The discovery in 1884 of Congo red 
naturally led to the preparation of many other direct cotton 
colours, and marked progress iu this direction has been 
made. 

The success which attended the synthesis of alizarine 
naturallj’’ raised hopes that a teclmically successful synthesis 
of indigo might be discovered, and the investigation was 
undertaken by !Bayer. In 1880 he completed a synthesis, 
starting with uitrobeuzaldehyde ; but the cost of irroductiou 
was too high for the synthetic product to compete with that 
obtained from natur^ sources. Success was achieved by 
Heiunann in 1897, who obtained the dyestufi by the alkali 
fusion of phenyl glycine or phenyl glycine ortho carboxylic 
acid, and so successful did this process prove that at the 
outbreak of the war the natural article had almost disappeared 
from the market. The introduction of the synthetic dyestufi 
at once led to closer investigation of the derivatives of 
indigo, and the introduction of the valuable clilor and biom 
indigos. 

The next notable advance was achieved in 1903, when 
Bally introduced indanthrene. This was the first vat 
dyestuff other than indigo to be prepared, and naturally 
attracted great attention, and led to a very close study 
of the chemistry of anthraquinone. As a result of these 
studies a very large variety of anthraquinone vat dyes have 
been placed on the market, most of which are remarkable 
for their fastness to light. 

Another very important class of vat colours is due to 
Briedlander's discovery on thioindigo in 1906, and in 1910 
the introduction of hydrone blue showed that the sulphur 
melt in some cases could yield vat colours. 
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materials that resist acid. Sulphuric acid can be handled 
in lead, although the hot, strong acid attacks it very 
vigorously, and if over 70 per cent, strength can be handled 
in iron. Strong, cold nitric acid can be handled in lead or 
iron, but attacks most metals very vigorously when dilute. 
Hydrochloric acid attacks all metals, and can only be 
handled in glass, stoneware, ebonite, or enamelled iron. 
Enamelled iron is satisfactory so long as the enamel remains 
intact, but it is easily chipped, and the first chip renders 
the vessel xiseless. Eor this reason autoclaves which require 
to be of enamelled iron are built of a steel outer case and 
thin enamelled iron liner. 

Eerrosilicon alloys have come much to the front during 
the last five years, and resist acids excellently. Unfor- 
tunately they are expensive, very brittle, and too hard to lie 
machined, so that at present their use is limited. 

Future of the Industry. — Owing to the enormous 
strides that have been made in the colour industry since its 
foundation sixty-two years ago, it is difficult to indicate in 
what direction future developments will Ue. A huge 
number of synthetic dyes have now been studied, of which 
about 1500 are actually on the market. Of these, some are 
extremely fast, whereas others leave much to be desired in 
this respect. As a rule the fast colours are a good deal 
more expensive than the fugitive ones, and it is probable 
that future research will largely be directed towards the 
production of fast colours at a moderate price. The main 
bulk of the trade is in cheap colours, the demand for the 
more expensive ones being comparatively small. 

So far almost all the synthetic dyes have been derived 
from five hydrocarbons, viz. benzene, toluene, xylene, 
naphthalene and anthracene. During recent years a few 
colours have been obtained from phenanthrene and carbazole, 
and it would seem probable that the other constituents of 
coal tar will find application in the near future. 

Up to 1914 about 80 per cent, of the world’s production 
of dyes was centred in Germany owing to the recogxiition 
by that country of the value and necessity of research. 
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compounds tliat are coloured can be written so as to contain 
one of these structures. It was immediately argued that 
certain compounds, such as w-nitraniline and benzil, are 
coloured, although they cannot be written in a quinonoid 
form. To this the votaries of the quinonoid theory replied 
by asserting that the colour in these cases was due to a trace 
of impurity, and would disappear if the compound could 
be obtained absolutely pure. Such an argument was, 
of course, unanswerable. 

The colour of a compound is due to selective absorption, 
and a substance which absorbs only those rays which are 
invisible to the human eye appears colourless. From this it 
is clear that the only satisfactory method of investigating 
the relation between colour and constitution lies in a close 
study of absorption spectra. During recent years a large 
number of investigations of this nature have been carried 
out, and the general conclusion arrived at that the property 
of selective absorption lies in the vibration of the molecule, 
and it is clear that a quinonoid structure is particularly 
susceptible to such \dbration. 

The qes tion cannot be more fully discussed in a book 
of this nature, but references will be found in the bibliography 
at the end of this introduction. 

Nomenclature. — ^In the earlier days of the S3mthetic 
dyestuff industry the number of dyestuffs was very limited, 
and they were usually named either after their discoverer, 
e,g. Martins' yellow, Meldola’s blue, or with some reference 
to their tinctorial properties. This latter sjrstem has given 
rise to names for dyestuffs wliich are quite misleading if 
taken as having any bearing on their chemical constitution. 
For example, azocarmine contains no azo group, alizarine 
yellow has no chemical relationship with alizarine, and 
anthracene brown is not derived from anthracene. 

A much better system is now in fairly general use. 
Most of the big firms have a registered trade name for each 
class of dyes, individual dyes being named by adding a word 
representing a colotu and initials, which usually denote 
shade, e.g. B=Blau (blue), R=Rot (red), G=Gelb (yellow), 
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etc. Under this system the dyestuffs are, of 

according to their mode of application, viz, acid dyes, r vat 

dyes, sulphide dyes, etc,, without reference to their chemical 

constitution. 
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German patents dealing with organic chemistry, and witli dyeslufis and 
intermediates in particular, are published m the following works : — 

Friediander, “ Fortschntle der Teerfarbenfabnkation," vols. i.-id., 
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Wmther, “ Patente der organischen Chemie,’* 1S77-1908, vols. i.-iii., 
vol. in. being the index. 
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Of general accounts of dyes and intermediates, the following are the 
most important : — 

Schultz, " Chemie der Steinkohlenteers,** igoo-igoi, 

Nietzki, " Organische Farbstoffe,” 1906. 

Bucherer, “ Lehibuch der Farbenchemie,'" 1914. 

Mdhlau u. Bucherer, “ Farbencheimsches Pi-aktikum,*' 1908. 
Georgievics-Grandmougin, Lehrbuch der Farbenchemie,'* 1913* 

Cain and Thorpe, Synthetic DyestuUs,” 1913 

Several elementary text-books on coal-tar dyes have appeared during 
recent years, of which the following may be mentioned : — 

Fay, “ Chemistry of the Coal Tar Dyes,” igti 
Gardner, ** British Coal Tar Industry," 1915. 

Wahl and Atack, Organic Dyestuffs," 1914. 

Ramsay and Weston, " Artificial Dyeatufe," 1917 
Fort and Lloyd, " Chemistry of the Dyestuffs," 1917. 

A complete list of dyestuffs actuaUy on the market with their chemical 
composition, mode of application, and references, will be found in the 
following 

Lehne, " Tabellarische Uebersicht ueber die kunstliche organische 
Faibstoffe," 1894-1906. 

Schultz, " Farbstofftabellen," 1914. 

The former of these gives experimental dyeings. An English transla- 
tion of a former edition of the latter was published by Green in 1904# 
the title " Systematic Survey of the Organic Colouring Matters." To this 
translation Green has added a short description of the chief intermediate 
compounds. These are treated in greater detail in ; — 

Cain, " Manufacture of Intermediate Products for Dyes,” 1918. 

Two books have been published devoted exclusivdyto naphthalene 
intermediate products, viz, 

Reverdin Ui Fulda, " Tabellarische Uebersicht der Naphthalinderivate," 

1894. 

Taiiber u. Norman, " Derivate des Naphthalins," 1896. 

The relation between the colour of a compound and its constitution is 
fully discussed in : — 

Kauffmewm, " Farbe u, Konstitution," 19Q4» 
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Kaufimann, " Auxochrome/' 1907. 

Kaufimann, “ Fluoreszenz u. Chemische Koiistitutaon," 1906. 

Smiles, " Chemical Constitutioii and Physical Properties,” 1910. 
Watson, *' Colour in Eelation to Chemical Constitution,” 1918. 

The chief periodicals devoted to dyestufEs are : — 

Journal of the Society of Dyers and Colourists. 

Revue Generate des Matth^es Colorantes. 

Farber Zettung (Lehne). 

Deutsche Fdrher Zeiiung, 

Leipztger Fdrher Zettung. 

And mfoimative articles -will often be found in — 

Chemtker-Zeitung (Cdthen), 

The application of the dyestufis is treated in this scries by Whittaker 
in " Dyeing with Coal-Tar Dyestuffs,” and a bibliography will be found on 
page I r of that book. 
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attacked by nitric acid, so that unless special precautions 
are taken decomposition takes place, usually accompanied 
by the formation of resinous substances. 

Nitrations are almost invariably carried out in cast-iron 
vessels of about looo gals, or more capacity, as smaller 
vessels require an undue amount of labour. These nitrators 
are best cast in one piece, but are frequently built up from 
two or three sections, the joints being made with lead or 
asbestos washers. The depth should be about the same as 
the diameter, and the bottom slightly dished, a run-off cock 
being bolted to the lowest point. The cover carries an 
efficient agitator, manhole, charging orifices, one or more 
thermometers and a vent for carrying off nitrous vapours. 
This is usually carried through the roof of the building by 
means of a stoneware pipe, a slight pull (about w.g.) 
being maintained by means of a steam jet. If benzole is 
being nitrated it is advisable to connect tliis vent with a 
condenser, as otherwise a good deal of benzole will be lost. 

Temperature is a very inaportant factor in nitrations and 
must be under absolute control, as excessive rise may cause 
the charge to fire, and tmless adequate cooling is provided 
the charge takes an undue time to complete. Some factories 
rely on a water jacket only ; but lead coils are much more 
satisfactory and give very little trouble if correctly designed. 
Ill-designed coils, however, are liable to burst. Wliether 
coils or jacket or both are employed they are connected 
with both the water supply and with the steam main, in 
the latter case through a suitable reducing valve. IE coils 
alone are used at least four should be provided, each being 
separately controlled, as by this means should one burst 
it can be isolated and the charge finished with the remain- 
ing ones. 

The nitrators should be cast from a good close-grain iron, 
high in fixed carbon, but low in graphite, sulphur, and phos- 
phorus. Acid-proof irons containing about 15 per cent, of 
silicon are sometimes used, but they are costly, fragile, and 
cannot be machined. Also the mechanical difficulties in 
'casting large sizes are very great. They are very useful. 
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however, when straight nitric acid has to be handled, e,g. in 
the nitration of phenol. 

The composition of the mixed acid varies somewhat 
according to the uitro compound being made, but a good 
acid for making mono nitro compounds has the com- 
position : 

HNO3 28 

Xf 2SO4 • . • • • • • . 5b 

HgO . . . . . . . . 16 

If, however, much strong nitric acid is available, a 
luixtiure containing more nitric acid and correspondingly 
less water can be used. The optimum mixed acid is an 
economic problem which can only be settled by each factory 
after taking into consideration what otho: work is being 
carried on simultaneously. 

Dinitro compounds usually demand a somewhat stronger 
acid, such as : 

HNO3 20 

H2SO4 70 

HaO 10 

the spent acid being fortified with nitric acid and used for 
monouitration. 

The nitration is carried out either by slowly adding the 
substance to be nitrated to the mixed acid or vice versa. 
In making mono nitro compounds it is usually best to adopt 
the latter procedure, as there is less danger of dinitro com- 
pounds being formed. The amount of mixed acid is cal- 
culated so as to allow a slight excess of nitric acid, usually 
about 5 per cent, more than that required by theory. The 
duration of the nitration is almost entirely dependent on 
the cooling, and, unless a refrigerator is used, may take a 
quite excessive time during the summer months. 

In selecting hydrocarbons for nitration care should be 
taken only to use those free from unsatuiated paraflSns. 
Some of the benzole and toluol on the market, especially 
that obtained from cannel coal and rather low temperature 
carboiajfatiou, unless properly purified is apt to be rich in 
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ethylenic compoimds. These are attacked by the mixed 
acid, and frequently cause emulsification, and hinder the 
proper separation of the nitro compound. 

As most nitro compounds are insoluble in sulphuric 
acid of moderate strength, the -winning of -them from the 
nitration mixture is very simple. The mixtiue is simply 
allowed to stand, when it separates into two layers which 
are dra-wn off separately. If the nitro compound is solid 
at the ordinary temperature, separation is allowed to take 
place at a sufficiently high temperature to maintaiu the 
nitro compound in a hquid condition. The freshly separated 
nitro compound always contains a certain amount of mineral 
acid. This is removed by washing with water, -with or 
without the addition of ^ali. The spent or waste acid 
should contain under J j)er cent, of nitric acid, and is 
reconcentrated for further use. 

Continuous nitration processes have been described, 
but have never come into general use.^ 

In carrying out nitrations care should be taken to make 
certain that the reaction is taking place, which can be done 
by careful observation of the thermometer. Sometimes it 
happens in cold weather that no action takes place at first, 
and in this case it should be started by gentle warming. 
Otherwise no reaction may take place until the whole of 
the ingredients have been mixed, when nitration may set in 
with explosive violence. 

Care should also be taken to ascertain that the sub- 
stance to be nitrated is reasonably free from water, as to the 
author’s knowledge at least one disastrous fire has been 
caused through water having settled out of toluol. 

As nitro compounds are poisonous and are readily ab- 
sorbed through the skin, the plant should be designed so 
that the workers are not exposed to vapours, and so that 
they do not have to handle the nitrated substances. In 
Great Britain -the Factory Act compels -the pro-vision of 
special clothes and special accommodation for workers 
engaged in the manufacture or handling of nitro and amido 
compounds of benzole and toluole. 
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Mononiti'otdluol. — Nitrate at 35“ C. and llien heat 
slowly (about 1° C. every two minutes) to 80° C. and main- 
tain at this point for one hour. The heating must be slow, as 
heavy frothing is apt to take place. The yields are almost 
theoretical. 

Toluol occurs to a considerable extent in Borneo petro- 
leum, but can only be separated with the utmost difficulty. 
If, however, the fraction containing the toluol is carefully 
washed free of misaturated compounds and then nitrated, 
only the toluol is attacked, and as mononitrotoluol boils 
at over 300“ C. the fractional separation from the paraffins 
becomes a simple matter. 

The mononitrotoluol obtained by the nitration of toluol 
is a mixture of all three isomers in the proportion of about 
57 per cent, of ortho, 40 per cent, of para, and 3 per cent, of 
meta. It has a sp.gr. of 1160 and is sold as M.N.T. mixture. 
On cooling to — 10° C. most of the para isomer separates 
out and can be freed from ortho by whizzing. The ex- 
liressed oil must then be fractionated in vacuo and again 
cooled and whizzed in order to obtain the ortho nitrotoluol 
in a reasonable state of purity. «-Nitrotoluol is of no 
technical importance. 

o-Nitiotoluol . . ni.p. — iO'5“ C., b.j). 223° C., sp.gr. 1168 
;;i-Nitrotoluol . . ni.^j. 16° C., b.p. 230° C., sp.gr. iibS 
/t-Nitrotoluol . . m.p. 54° C., b.p. 338“ C., sp.gr. 1133 

Many authors have stated that the proportion of 
isomers formed depends on the temperature of nitration ; 
but this is erroneous.® 

Diaitrotoluol. — Of the three possible dmitrotoluols 
only 2'4-dinitrotoluol is of any technical importance. It is 
prepared by the further nitration of either ;^-nitrotoluol 
or of M.N.T. mixture. The former gives a somewhat purer 
product, but the more general procedure is to use M.N.T. 
mixture. The nitration is carried out at 60-65“ C. by 
adding parts of mixed acid to i part of M.N.T. and 
finally cooking the charge at 80° C. for half an hour. A 
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in vacuo it can be divided into two parts, one rich in ortho 
and one rich in para. This latter fraction deposits the 
para isomer on cooling. This is collected and the oil united 
with the fraction rich in ortho. This is then again frac- 
tionated, and this alternate fractional distillation and cool- 
. ing continued systematically until fractionation is complete.® 
It is more economical, however, not to carry the separation 
too far, but to separate part of the ortho and para and then 
nitrate the residue for dinitrochlorbenzole. 

o-Nitrochlorbenzole . . m.p. 32-5° C., b.p. 245® C. at 753 mm. 

119° C. at 8 mm. 

^-Nitrochlorbenzole . . m.p. 83® C., b.p. 238° C. at 753 mm. 

113® C. at 8 mm. 

Dinitrochlorbenzole. — The only technically impor- 
tant isomer is i-chlor“2*4-dinitrobenzole. This can be 
obtained from chlorbenzole by the entrance of two nitro 
groups, the nitration being carried out in one step. More 
usually, however, the nitration is carried out in two steps, 
as in the manufacture of w-dinitrobenzole. In this case 
either the crude mixture of mononitro compounds is used 
direct, or the isomers are partly separated and the residue 
then nitrated. 

Dinitrochlorbenzole being exceptionally toxic, special 
precaution must be taken to protect the workers handling 
it. M.p. 38® C. 

Nitro groups invariably enter the naphthalene nucleus in 
the a-position. 

a-Nitronaphthalene. — Commercial naphthalene is 
frequently rich in ethylenic hydrocarbons, and if attempts 
are made to nitrate a sample of this nature heavy frothing 
takes place and an oily mess is produced which is quite 
valueless. Good qualities of commercial naphthalene, 
however, nitrate easily, although there is generally some 
loss due to oxidation. The naphthalene should be finely 
powdered and added to the mixed acid tlirough a sieve, as 
otherwise it has a tendency to ball together. 

As naphthalene is volatile some factories connect 
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tlie fume pipe of the nitrator with a vertical reflux condenser 
jacketed with hot water. Cold water must not be used as 
it condenses the naphthalene in the solid condition and 
causes endless trouble with choked pipes. The two following 
methods of working will be found to give good results : — 

(1) One thousand pounds of finely ground naphthalene 
axe shaken slowly through a sieve into a mixed acid com- 
posed of 800 lbs. of nitric acid (sp.gr. 1390), 800 lbs. of con- 
centrated vitriol, and 3200 lbs. of waste acid from a previous 
charge, the temperature being maintained at 45° C. The 
spent acid is then separated and the crude nitro compotmd 
washed up. 

(2) One thousand pounds of naphthalene are slowly 
added to 1800 lbs. of mixed acid of the composition : 

HNOg 32 

H2SO4 . . . . . , , , . , 33 

.. .. .. «. a. .. 13 

the temperature being maintained at 70° C. and the charge 
subsequently cooked for 6 hours at the same temperature. 

An interesting process has been patented * which may 
become of interest in view of the forthcoming production 
of large quantities of weak nitric acid from atmospheric 
sources. It is based on the observation that whereas 
straight nitric acid of 25 pet cent, strength does not attack 
naphthalene either hot or cold, nitration takes place when 
an electric current is passed through the acid. The process 
has not been used technically up to the present, but now 
that acid-proof iron can be obtained in satisfactory quality 
and the mechanical difficulties in manipulating it are to 
some extent overcome, no difficulty should be experienced 
in designing a suitable plant. 

M.p. 61“ C. when pure, but the commercial product 
melts at 56-38° C. 

Dinitronaphthalene. — ^Further nitration of naphtha- 
lene leads to a mixture of 1*3- and i’8-dinitro compounds, 
althoi^lh when the nitration is carried out at a low tempera- 
ture, and in the presence of a large excess of sulphuric acid, 
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i‘3-dinitronaplitlialeiie is said to be formed.'* It, however, 
is of no technical importance. 

The nitration is best carried out by adding mononitro- 
naphthalene to mixed acid of the composition — 


IDTOs •• •• •* 3^ 

“ • • * • • • ’ * • 

H2O ■■ *■ ** *■ ** '* ^ 

the temperature being maintained at 70° C. 

The isomers are formed in the proportion of i part of 
i'5- and 2 parts of i'8-dinitronaphthalene. As the former 
is only soluble in 125 parts of cold pyridine whereas the 
latter is soluble in 10 parts, their separation does not present 
great dif&culties. They can also be separated by taking 
advantage of their different behaviour with oleum.® 


i’5-dinitronaphthalene . . . . m.p. 217“ C. 

i'8-dinitronaphthalene . . . . m.p. 170° C. 

Nitronaphthalene Sulphonic Acid.— When the naph- 
thalene sulphonic acids are nitrated a variety of nitro 
compounds are obtained. The following diagram, taken 
from Heumann’s " Anilitifarben u. ihre I^abrikation,” shows 
the orientation taken by the entering nitro group. The 
chief product is shown by a full arrow, side products by 
dotted arrows — 
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Of these the most important are those obtained by the 
nitration of naphthalene-jS-sulphonic acid. 

The nitration is carried out by dissolving 230 parts of 
the soditim salt in 1150 parts of vitriol, the temperature not 
being allowed to rise above 30° C. The solution is then 
cooled and nitrated between o-io” C. with mixed acid 
containing 70 parts of nitric acid.'^ The isomers are sepa- 
rated by the fractional crystallization of their barium salts, 
or by talcing advantage of the fact that in strong hydro- 
chloric acid or dilute sulphuric acid (1:2), the i’6-acid is 
fairly soluble, but the 17-acid almost insoluble. 

Nitroanthraquinone.— Nitro groups only enter the 
anthraquinone nucleus in the a-positions. 

The mononitro compound is formed when anthra- 
quinone is dissolved in 20 times its weight of sulphuric acid 
at 50° C. and nitrated at this temperature by the addition 
of the calculated amount of nitric acid.. As it is soluble in 
sulphuric acid it can only be isolated by running the charge 


>1 
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oa to crushed ice. The crude product is somewhat impure, 
but it is only used for making the amino compound, and 
the impurities are eliminated during reduction. By using 
double the quantity of nitric acid and cooking the charge 
for about 12 hours at 80“ C. a mixture of 1‘5- and i’8- 
dinitroanthraquinone is obtained. These can be separated 
by extraction with acetone in which the i‘5 compotmd is 
insoluble. 


Nitration op Aminrs. 

Amino compotmds present difficulties in nitration as 
they are readily oxidized by nitric acid, and the nitrous acid 
so evolved attacks further quantities, so that unless special 
precautions are taken the product usually consists chiefly 
of resinous matter. 

The best procedure is to protect the amino group by 
combining it with some group which is readily split off after 
nitration, such as an acetyl or benzylidene group. Nitra- 
tion then takes place normally in the ortho and para posi- 
tions, provided care is taken to select suitable conditions 
to avoid hydrolysis. When nitration is complete the 
protecting group is split off by heating with dilute acid. 

o-Nitraniline. — ^This is the least important of the three 
nitranilines, and is obtained as a side product in the manu- 
facture of ^-nitraniline from acetanilide. It can bs obtained 
as the sole product if the para position is first blocked by a 
sulphonic acid group, subsequently removed by heating 
with hydrochloric acid under pressure. In these circum- 
stances, however, it is best to substitute oxanilide for 
acetanilide.8 M.p. yi’S. 

^'Nitraniline. — ^This most important base can be made 
by three methods. 

(a) From benzylidene aniUne.^ The aniline is first con- 
verted into its benzylidene (azomethine) derivative by 
warming with the calculated amount of benzaldehyde : 

PhNjHgONCHPh ->PhN*CHPh -I-H2O 

This benzylidene derivative melts at 42° C., and is 
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readily separated from the water simultaneously formed, as 
on standing warm it settles out as a lower layer and can be 
drawn off. It is nitrated as follows : i8i kilos are added 
slowly to 70 kilos of concentrated sulphuric acid, the tempe- 
rature not being allowed to rise above 50“ C., and the cooled 
misture then nitrated by slowly adding 2i‘6 kilos of mixed 
acid containing — 

HNO3 31 

II2SO4 . . . . . . . . . . 4^ 

£[3^ ** ** *■ ** ** ** 2X 

The nitration must be carried out at a temperature not 
exceeding I0° C., and the nitrator should be made of 
enamelled or acid-proof iron. When the nitration is com- 
plete the mixture is diluted with its own volume of water 
and then steam distUled. This hydrolyzes the azomethine 
compound, the benzaldehyde passing over with the steam 
and being collected for further use. The residue is then 
neutralized with soda and deposits j^-nitraniline on cooling. 
The yield is about 90 per cent, of theory, and the loss of 
benzaldehyde small with properly designed plant and 
efficient chemical control. Careless working, however, leads 
to excessive loss. 

( 5 ) From acetanilide . — ^This is the best known process, 
gives good results, and is easy to carry out as follows ; — 

400 lbs. of sharply dried and finely powdered acetanilide 
are slowly added to 800 lbs. of concentrated sulphuric acid, 
which is kept well agitated in a cast-iron nitrator. Con- 
siderable heat is evolved, but the temperature must on no 
account be allowed to rise above 40° C., as if it does the 
anilide will be hydrolyzed. The whole of the anilide must 
dissolve in the acid, which it does fairly easily provided it is 
finely ground. The solution is then nitrated at 35® C. with 
760 lbs. of mixed acid of the composition — 

HNO3 26 

HaSOi 50 

HjO .. •* •• •• '• 24 

fltiiH after nitration allowed to stand overnight. It is then 
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ruu iuto 200 gals, of warm water contained in a lead-Uned 
vessel. A yellow precipitate of nitroacetanilide separates, 
which is hydrolyzed and dissolved on heating to ioo° C. 
for 2-3 hours. No resinous products should be formed with 
good working, but if they are they are removed at this stage. 
After cooling to 50° the resulting clear solution is run onto 
I ton of crushed ice. The orthonitranilme, being much the 
weaker base, separates out and is filtered ofi and whizzed. 
The ^-nitraiuline remains in solution as its stilphate and is 
precipitated by neutralizing the mineral acid, ice being 
simultaneously added so that the temperature does not rise 
above 30° C. It is collected, whizzed, and recrystallized 
from boiling water, which is best done under pressure. 
The 3delds are about 25 per cent, of ortho and 60 per cent, 
of para, calculated on theory. 

(c) From PMhalanil . — ^^though the acetanilide process 
works well, the acetic acid is lost, and consequently attempts 
have been made to use an acid that is recoverable. This 
has been achieved with phthalic acid,^® the process being 
carried out as follows : 2-23 kilos of phthanil are dissolved 
by gentle warming in 14 kilos of concentrated vitriol and 
then nitrated below 3° C. with 2’55 kilos of a mixed add 
containing 25 per cent, of nitric add. After pouring on to 
crushed ice the nitrophthanil is heated with I'l kilos of 
aniHne for i hour at 170-180“. Double decomposition takes 
place under these circumstances with production of nitr- 
aniline and phthaml, and on subsequent distillation with 
steam unchanged aniline and o-nitraniline pass over. From 
the residue j>-ritrani1ine is extracted with boiling water and 
the insoluble phthanil dried and used for the next charge. 

Although of no ):echnical importance the preparation of 
^-nitraniline from ^-chlomitrobenzole by heating under 
pressure with alcoholic ammonia and sodium iodide is worth 
mentioning.^^ The yields are 66 per cent, of theor3', 
whereas without the addition of iodide they are only 2 J per 
cent. 

in-Nitraniline. — ^This technically important base cannot 
be obtained by nitration. Its manufacture by the partial 
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agitation is continued for an hour or two, and then the 
thick black oil separated, thoroughly washed and mineral 
acid carefully neutralized with soda (use Congo paper). On 
distilling with steam, superheated if possible, the ortho- 
rdtrophenol passes over mised with a little unchanged phenol, 
and after a further distillation with steam is pure. The 
residue consists of ^-nitrophenol and tar and is treated with 
a strong solution of 250 lbs. of caustic soda. The sodium 
salt crystallizes out and is washed with alkaline brine until 
all the tar is removed. It is then dissolved in water and 
decomposed with dilute sulphuric or hydrochloric acid. If 
the resulting ^-nitrophenol is boded with animal charcoal 
and recrystallized from water it is obtained as snow-white 
needles ; but this is a troublesome process, as in the presence 
of water it melts at 48® C., and for most purposes recrystal- 
lization is qtute unnecessary. 

o-Nitrophenol can be obtained as the sole product if 
phenol-;^-sulphomc acid is nitrated and the sulphonic acid 
group subsequently removed by heating under pressure, 
or if the hydroxyl group is protected by combination with 
toluol-^-sulphonyl chloride, although this latter process is 
only economically possible when the sulphonyl chloride is 
available as a bye-product from saccharine manufacture.^® 
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Primary, secondary, and tertiary amino compounds are all 
used in the manufacture of dyestuffs, although the primary 
compounds are by far the most important. As a rule the 
secondary and tertiary amines are prepared from the 
primary, but in some cases the secondary and tertiary 
groups can be introduced direct. 

Technically, so far as dyestuff intermediates are con- 
cerned, only three methods of introducing the aminn group 
into the nucleus are made use of, viz. the reduction of the 
nitro (and nitroso) compounds, reduction of the azo com- 
pounds, and displacement of the hydroxyl group. Of 
these the reduction of the azo group is not often resorted 
to as, although good results are obtained, the majority of 
compounds used as intermediates can be obtained more 
economically by other means. 

The reduction of the nitro compounds is invariably 
achieved on the large scale by means of iron turnings and 
hydrochloric acid, except when bemadine and its deriva- 
tives are being prepared. The acid acts more or less as a 
catalyst, only a small quantity being necessary, and as a 
rule only about zj per cent, of the amount required to con- 
vert th.e iron into ferric chloride is used. The reaction then 
proceeds according to the equation — 

gPe -f 4H2O -|-4ArNOa=4ArNH2 -l- 3 Fe 804 

and little or no Hme is required to liberate the base. If, 
on the other hand, sulphuric acid is employed, excess must 
be taken and the base subsequently liberated by lime. 
This of course would increase the cost, and in addition the 
corrosion of the plant would be much more severe, as lead- 
lined ^ ■^<!3Sels would be unsuitable owing to the scourit^ 
action bf iron turnings. 



38 COAL TAR DYES AND INTERMEDIATES 


In carrying out reductions, care must be taken to keep 
the reaction well in hand. Considerable heat is evolved, 
and if the reduction gets out of control the whole charge 
may boil over, and in any case there will be very serious loss 
through the amino group being split off as ammonia. 

Reduction of nitro compounds is usually carried out in 
cast-iron vessels of 700-1000 gallons capacity. The older 
type, still in use in some worljs, is in the form of an horizontal 
cylinder with an agitator shaft pasing through the centre, 
to which are fixed paddles of such length that they just 
clear the sides of the vessel. When the shaft is in motion 
these paddles pick up the iron and throw it through the 
liquid. In modern factories, however, the vertical type is 
preferred, the agitator in this case being anchor shaped. 
In some cases it is made hollow for the introduction of 
steam ; but this is a quite unnecessary complication, aud it 
is better to introduce the steam through a special pipe. 

Internal coils are never tised for heating or cooling, and 
in most cases a jacket is dispensed with ; but if one is pro- 
vided the process is under better control and can be carried 
out in less time. 

The cover of the vessel is provided with suitable charging 
holes, steam inlets, and an opening which can be connected 
with a reflux condenser while reduction is going on, and 
with an ordinary condenser when the amino compound is 
being steamed off. 

It is usual to cast the vessels in two parts, as the bottom 
part always corrodes first, partly by the action of the acid 
and partly by the scouring effect of the metallic iron. 
Another plan is to insert a loose cast-iron liner at the bottom, 
or even to line the lower j)art with acid-proof brick. 

In some factories it is usual to place the whole of the 
iron and acid into the reducer and then to add slowly the 
nitro compotmd ; but the reaction is more easy to control 
if pnly a small proportion of tne iron is first added, the 
rest being fed in gradually from time to time. 

As amino compotmds have strong toxic properties every 
precaution must be taken to protect the workers. 



L I B yi P Y 

29 



AMIDATIOn 


Aniline. — ^This is the most importaiit^|^±jnvvi#9miw«i^ 
is invariably manufacttiied by the reductiotr~&f 
benzole. The working of a charge is usually carried out 
as follows : — 

The still is charged with i cwt. of iron turnings, 10 
gallons of crude muriatic acid, and 6 gallons of water, the 
agitator started and live steam blown in to warm up. At 
the same time the nitrobenzole (1000 lbs.) is run in slowly. 
Much heat is evolved, and nitrobenzole and aniline distil 
off, but are returned by the reflus condenser. A brisk 
reaction must be maintained by adding more iron from 
time to time (about half a ton in all will be required), but 
the reaction must never be allowed to become violent, as 
if it does there will be heavy loss through ammonia being 
split off and benzene formed. The reduction takes about 
10 hours, and requires steam-heating towards the end to 
render it complete. The condenser is then reversed and 
the aniline distilled over with steam. 

The condensed water, after separation of the oil, con- 
tains about 3 per cent, of aniline, and is fed to the boilers 
for generating steam for the next charge. Clean steam, 
however, must be used towards the end so as to leave the 
iron residues free of aniline. 

The aniline oil thus obtained is either used as such or 
is purified by fractionation in vacuo, when the first portions 
that come over contain water and benzene. The yield of 
aniline oil from 1000 lbs. of nitrobenzole is on the average 
720 lbs., or 1000 lbs. of benzole give 1100 lbs. of aniline. 

M.p 6° C. : b.p. 71° C. at 9 mm., 92° C. at 33 'mm., 
182“ C. at 760 mm. ; sp.gr. 1025 at 15® C. The com- 
mercial article should have the correct density and 98 per 
cent, should distil within two degrees. 

The electrol3d;ic reduction ^ of nitrobenzole has been 
described, as has also the reduction by sodium disulphide,® 
but they cannot compete with the iron method. 

The catalytic reduction by passing a mixture of nitiro- 
bemsole wid water gas over nickel at 300-400® C. has been 
tried, bv^iij pot yet a commercial success.® 

&&7-2> ' j 
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Aniline Salt, C6H6NH2HCI. — This is used to a large 
extent for making dyestuffs and intermediates, and is sold 
for aniline black dyeing. It is manufactured by slowly 
adding 130-135 parts of pure commercial hydrochloric acid 
to 100 parts of aniline, the whole being well agitated. 
Much heat and fume is evolved, and the pipe through 
which the acid is added must dip below the surface of the 
aniline. The manufacture is best carried out in stoneware 
•or enamelled iron vessels with an agitator of the same 
material, as if timber is used the product has a yellow colour. 
After cooling, the salt is filtered off, whizzed in a vulcanite- 
lined hydro extractor and then dried at 50° C. on lead or 
enamelled trays. The liquors are used for making the next 
charge of aniline. M.p. 192° C. 

Tolutdine. — The ortho and para isomers are the only 
ones of any technical importance, and they are manu- 
factured from the corresponding nitrotoluols by methods 
exactly similar to those used for aniline, but as the para 
isomer solidifies at 40® C. warm water must be used for the 
condensers. “ Toluidine mixture ” is made by the reduc- 
tion of " M.N.T. mixture,” and consists chiefly of 0- and 
^-toluidine. 

o-Toluidine .. m.p. below —20° C., b.p. 197® C., sp.gr. 1003 
^-Toluidine . . m.p. 45° C., b.p. 198® C., sp.gr. 1046 

Xylidine. — XyUdine is obtained by the reduction of 
crude nitroxylol and is a complex mixture of five or more 
isomers, of which 4-aminoxylol is the chief component. 
The isomers are troublesome to separate, although several 
methods have been described.* 

m-Nitraniline. — By carrying out the process under 
suitable conditions wi-dinitrobenzole can be reduced to 
w-nitraniline by means of iron and hydrochloric acid, only 
about I per cent, of diamine being formed at the fifttno 
time.® The process, however, is a troublesome one, and 
much better results are obtained by the use of sodium 
polysulphide,® the reduction being carried out as follows : — 

Four kilos of flowers of sulphur are dissolved in 15 kUos 
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of crystallized sodiim sulphide and 65 litres of water by 
boiling, and 10 kilos of powdered w-dinitrobenzole added 
slowly. Much heat is evolved and the addition should be 
regulated so as to keep the whole boiling. Boiling is then 
continued for half an hour, precipitated sulphur removed 
by fdtration, and the liquor allowed to cool. The w-nitr- 
aniline crystallizes out in the pure state, and the 3rield is 
over 80 per cent, of theory. M.p. 112® C. ; b.p. 285® C. 

^^-Nitraniline. — ^This is always obtained by the nitra- 
tion of acetanilide (page 22), although its manufacture from 
ji-nitroclilorbenzole and ammonia has been patented.’ 

m-Phenylenediamine. — ^This is obtained by reducing 
w-dinitrobenzole with iron and hydrochloric or acetic acid, 
the process being carried out as follows ; — 

Two hundred litres of water and 200 kilos of »n-dinitro- 
benzole are heated to boiling by blowing in live steam. 
Sixteen kilos of hydrochloric acid are then added and iron 
borings fed in slowly. About 450 kilos of iron will be 
required, and it must be added at such a rate that a brisk 
but not too violent reaction is maintained. If the reaction 
becomes too vigorous ammonia will be lost, and if it stops 
it may start again with explosive violence. It is best 
followed by watching the reflux condenser. Reduction is 
complete when a sample dropped into filter paper leaves 
no yellow stain. The charge is then made alkaline and 
extracted several times with boiling water, the latter ex- 
tracts from one charge being used for extracting the next 
charge. Factories preparing their own intermediates merely 
bring the solution thus obtained to standard strength and 
use it without isolating the base in the solid state. If, 
however, the base is for sale the solution is concentrated 
either in lead-lined pans or in a multiple-effect evaporator, 
and the base then thrown out as the hydrochloride by adding 
excess of hydrochloric acid, or evaporation is taken further 
until a paste is obtained, the base beii^ sold iu this form. 
This paste, which is the usual commercial form, is almost 
black, li the pure base is desired it is readily obtained by 
distilling; ,j»Ste in vacuo or in a current of carbon 
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dioxide. The "water passes over first and then the almost 
pure base. M.p. 63° C. ; h.p. 287“ C. 

^-Phenylenediamine. — ^There are two processes in use 
for manufacturing this base, by one of which it is obtained 
by the reduction of ;f-nitraniline and by the other by the 
reduction of aminoazobenzene. 

The reduction of ^-nitraniline is carried out as follotre : — 
The pan is charged "with 200 Jdlos of iron borings and 
300 litres of water, and after heating to boiling, 9 litres of 
muriatic acid (28 per cent.) are run in. The ;^-nitraniline 
(200 kilos) is then fed in slowly, the vigorous reaction that 
sets in after each addition being allowed to subside before 
the next addition is made. When the whole has been 
added, another 14 litres of muriatic acid is run in and the 
reduction continued until a sample gives a colourless spot 
on paper. The charge is then made faintly alkaline, boiled 
up, and then decanted off through a filter. On concentra- 
tion the free base is obtained. 

The aminoazobenzole process is probably somewhat 
more economical, and is carried out as follows :■ — 

Aniline salt (130 kilos) is dissolved in 500 kilos of aniUne 
and at a temperature of 25-30“ C. a concentrated aqueous 
solution of 65 kilos of sodium nitrite run in slowly. After 
heating for two hours at 40° C. the whole is allowed to 
stand overnight in order to complete the formation of 
aminoazobenzole. This can be isolated by adding excess 
of hydrochloric acid at a temperature not exceeding 70° C. 
and then cooling, when the hydrochloride crystallizes out. 

For the purpose of manufacturing phenylenediamine 
this is not done, the whole charge being pumped into a 
reduction pot surrounded with a steam jacket and pre- 
viously charged -with 100 kilos of iron borings, a little 
water and 3 litres of 28 per cent, muriatic acid. Reduction 
is carried out at 30-40° C. and takes about 12 hours. When 
colourless, the charge is boiled up, the anilin e blo"wn off 
with steam, and the solution decanted through a filter and 
concentrated. M.p. 147° C. ; b.p. 267° C. 

Monomethyl Aniline. — ^This is prepared by heating 



AMIDATION 


33 


methyl alcohol with aniline hydrochloride or with aniline 
and sulphuric acid in an autoclave at 200° C. As high 
pressures are attained (25-30 atmospheres) the size of the 
autoclaves is limited. They are best provided with an 
enamelled iron lining as lead-lined autoclaves cannot be 
considered as safe. 

Wlien sulphuric acid is used the proportions are 70 
parts aniline, 42 parts methyl alcohol free from acetone, 
and 8 parts of R.O.V. The heating is carried out at 200° C. 
When the hydrochloride process is used the proportions are 
55 parts aniline salt and 16 parts methyl alcohol. The 
temperature is raised to 180° C. for 3 hours during which 
time the pressure increases from 5 to 25 atmospheres. The 
pressure is released, and the heating continued for another 
8 hours, after which the whole is made alkaline and the 
methyl aniline blown over with steam. 

Methyl aniline can also be obtained by condensing 
aniline with formaldehyde and then reducing the azo- 
methine compound with zinc dust and caustic soda, or the 
two steps can be carried on simultaneously.® A third 
process consists in heating aniline and methyl alcohol at 
220® C. in the presence of iodine.® B.p. 192® C. ; sp.gr. 976. 

Dimethylaniline.^® — ^This is obtained in much the 
same way as monomethyl aniline, i.e, by heatiug aniline 
hydrochloride or sulphate with methyl alcohol in autoclaves 
fitted with enamelled iron liners. If sulphuric acid is used 
the charges are 80 kilos of aniline, 78 kilos of methyl alcohol, 
and 8 kilos of R.O.V, The heating is carried out at 230® C., 
and requires about 10 hours. The pressure goes up to 
30-35 atmospheres. In the hydrochloride process 100 
kilos of aniline salt and 80 kilos of methyl alcohol is the 
usual charge, heating being carried out as before. After 
cooling, the pressure is released and the gases led through 
a condenser and water scrubber to recover the excess of 
methyl alcohol, the charge then blown over into a still, 
neutralized and distilled with steam. Methyl alcohol 
passes Over first and then the dimethyl aniline. The yield 
is over gp per cent, of theory. 

R2. 
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To avoid the high pressure attained in the above pro- 
cess, the methylation is sometimes carried out with methyl 
chloride as follows : — 

Aniline (50 kilos) is well agitated in an autoclave with 
milk of lime made from 40 kilos of quicklime and 75 Hires 
of water. The whole is heated to 100“ C. and methyl 
chloride pumped in at 5-6 atmospheres pressure. About 
62 kilos of methyl chloride are required, and the time taken 
is about 3 hours. The charge is then distilled with steam. A 
third process consists in heatmg aniline with methyl alcohol 
and iodine at 230° C. for 7 hours. B.p. 192° C. ; sp.gr. 960. 

Mono- and Di-Ethylaniline. — ^These are obtaiued by 
processes exactly similar to those employed for the corre- 
sponding methyl derivatives, except that only the hydro- 
chloride process can be used. 

Monoethylaailine . . b.p. 206° C., sp.gr. 954. 
Diethylaniline . . m.p. 38° C., b.p. 216° C., sp.gr. 939. 

w-Toluylenediamine. — This is made by the reduction 
of dinitrotoluol with iron and hydrochloric acid. M.p. 99“ C. ; 
b.p. 280“ C. The melting-point of the commercial article 
depends largely on the melting-point of the dinitrotoluol 
used in its manufacture. 

o-Aminophenol,^* — ^This is obtained from the corre- 
sponding nitro-compouud by reduction. The reduction is 
best brought about by adding sodium hydrosulphite to the 
boiliag aqueous alkaline solution tmtil colourless, the amino- 
phenol crystallizing out on cooling, but can also be brought 
about by sodium stdphide in alkaline solution. M.p. 170° C. 

j!>-Aminophenol. — ^This is obtained by the reduction 
of ^-nitrophenol by sodium sulphide and caustic soda, by 
iron and hydrochloric acid or by sodium hydrosulphite in 
alkaline solution. Curiously enough it can also be obtained 
by the simultaneous oxidation and reduction of nitrobenzole, 
this being one of the few cases in which a hydroxyl group can 
be inserted directly into the benzene ring. The reaction is 
brought about electrically or by treating nitrobenzole with 
zinc dust and concentrated sulphuric acid at 80” C.^® 
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Aminosalicylic Acid.^^ — Wlien salicylic acid is 
suspended in concentrated stdplitiric acid (3 parts) and 
nitrated at 0-10“ C. by the addition of a mixture of nitric 
and sulphuric acid, 2-oxy-5-nitrobenzoic acid is formed 
almost exclusively. This is filtered off from the waste acid 
and reduced with iron in the usual way. Aminosalicylic 
acid can also be obtained by the simultaneous oxidation 
and reduction of «{-nitrobenzoic acid by treating it with 
concentrated sulphuric acid and zinc dust at 50-60° C. 

Diaminostilbenedisulphonic Acid.^® — When ^-nitro- 
toluol is sulphonated by heating with 3-4 parts of 20 per 
cent, oleum the sulphonic acid group enters the ortho 
position to the methyl group. The sulphonic acid is vexy 
easily isolated by salting out, and if boiled with caustic 
soda and then reduced, jdelds diaminostilbenedisulphonic 
acid. A better process, however, is to oxidize vith sodium 
hypochlorite and then reduce the dinitrostilbenedisulphonic 
acid thus formed. The oxidation is carried out by dis- 
solving 24 Idlos of j!)-nitrotoluolsulphonic acid in 8 parts of 
water at 80° C., and then at this temperature adding 70 
litres of hyp)ochlorite solution containing 150 grams of 
active chlorine and 30 grams of caustic soda per litre. After 
cooling the oxidation product is filtered off and reduced 
by ferrous sulphate and ammonia, 

a-Naphthylamine. — ^This is manufactured from a-nitro- 
naphthalene in the same way that aniline is made from 
nitrobenzole, but the reduction must be carried out at a 
lower temperature, as otherwise there will be heavy losses 
caused through over-reduction with loss of ammonia. The 
process is carried out as follows : The reducing vessel is 
charged with 2000 lbs. of iron borings, 10 gallons of muriatic 
acid of 25 per cent, strength and a little water. Steam is 
blown in to raise the temperature to 50° C., and then 1500 lbs. 
of crude, air-dried nitronaphthalene fed in little by little so 
that a temperature of 50° C. is maintained, After the whole 
has been added the charge is digested at the same tempera- 
ture over night, and then neutralized with milk of lime and 
the naphthylamine distilled off with superheated steam. 
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As it is not very volatile with, steam this is best done by 
running the charge on to shallow iron trays arranged in a 
stove and then blowing in strongly superheated steam. 
As naphthylamine sets readily, warm water must be used for 
the condensers. The almost black product thus obtained is 
ptirified by distillation in vacuo. M.p. 51“ C. ; b.p. 300® C. 

/ 3 -Naphthylatnine.^® — This can only be obtained from 
jff-naphthol by heating with ammonia. In the older pro- 
cess the manufacture was carried out by heating 10 parts 
of j 3 -naphthol with 8 parts of 25 per cent, ammonia for 
24 hours at 200° C., the product being then washed with 
caustic to remove unchanged naphthol and finally dis- 
tilled under reduced pressure. Considerable quantities of 
dinaphthylamine are, however, always formed as a bye 
product, and although better results are obtained by em- 
ploying zmc chloride ammonia or calcium chloride ammonia 
the process has now been replaced by one in which ammo- 
nium sulphite and ammonia are used. This is carried out 
by heating 114 parts of jS-naphthol with 116 parts of ammo- 
nium sulphite, 500 parts of water, and 120 parts of 20 per 
cent, ammonia in an autoclave at 120-150“ C. After cool- 
ing, the naphthylamine is filtered ofi and washed with a 
little caustic soda. If the process has been carried out at 
a temperature not exceeding 150“ C. the product is practi- 
cally free from dinaphthylamine, but at higher temperatures 
this is formed. In this case the crude naphthylamine is 
dissolved in acid, the dinaphthylamine removed by filtration 
and the free base then precipitated with soda. M.p. 112“ C. ; 
b.p. 294“ C. 

The sulphite process has the great advantage that less 
secondary amine is formed, and that the reaction takes 
place at a much lower temperature, and consequently the 
pressures attained are not so great. It is reversible and 
can be used for converting amino groups into hydroxyl 
groups or vice versd, and also can be employed for making 
secondary or tertiary aliphatic amines or secondary aromatic 
amines from phenols or primary amino compotmds. It is 
more applicable to the naphthalene series than to the 
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defined exceptions of whicli the following are the most 
important : — 

No a-naphthol derivatives in which a stdphonic acid 
group is present in the ortho or meta position, i.e. at 2 or 3, 
win react. 

No j 3 -naphthol derivative in which a snlphonic acid 
group is present in the meta position, i.e. at 4, will react. 

Aliphatic amines behave in the same way as ammonia, 
but aromatic amines present some exceptions, and a-naph- 
thyl arylamines cannot be obtained by this process. 

Thus although a sulphite ester can be very readily 
obtained from i-naphthol-4-sulphonic acid or i-naph- 
thylamine-4-sulphonic acid and will react with ammonia 
or methylamine, it will not react with aniline or any other 
aromatic amine. On the other hand, the sulphite esters 
obtained from ) 3 -naphthol or ^-naphthylamine derivatives 
react normally with ammonia or aliphatic or aromatic 
amines, except when there is a sulphonic group at 4. 

Brenner’s Acid (2-naphthylamine-6-sulphomc acid). 
— ^This can be obtained by heating the corresponding 2- 
naphthol-6-sulphonic acid with aqueous ammonia at 180° C. 
or in the presence of ammonium sulphite at 120“ C. 

F-Acid (2-naphthylamine-7-sulphonic acid). — Ob- 
tained by heating 2-naphthol 7-sulphonic acid with two 
parts of 20 per cent, ammonia at 250“ C. for 6 hours, or at 
a lower temperature by the sulphite process. 

Amino G-Acid (2-naphthylamine 6-8-disulphomc 
acid). — Obtained by passing ammonia gas over G-salt at 
200-250® C. or by the sulphite process. 

Amino R - Acid (2-naphthylamine-3-6-disulphonic 
acid). — Obtained from R-salt by heating in a current of 
ammonia gas at atmospheric pressure at 200-250° C., or 
with aqueous ammonia in autoclaves at the same tempera- 
ture. Better yields are obtained, however, by the sulphite 
process. 

Aminonaphthol-R-Acid (r-2-aminonaphthol-6-su]- 
phonic acid). — ^This is obtained from ) 3 -naphthol- 6 -sulphouic 
acid by dissolving in ice-cold dilute hydrochloric acid aud 
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then slowly adding a solution of sodium nitrite. Tlie 
aaitrosonaphtliol sulphonic acid thus formed is not isolated, 
the solution being at once reduced with iron. After pre- 
cipitating the iron with alkali the amino acid is salted out. 

When a nitro compound is reduced in alkaline solution 
the reduction takes a somewhat different course. Under 
these circumstances the first compound produced is an 
azoxy compound, Ai— N— H— Ar, which on further reduc- 

\/ 

O 

tion passes into an azo compound, Ar — ^N=N — ^Ar, and 
finally into a hydiazo compound, ArNH — ^NHAr. Of these 
the azoxy compounds are of little or no technical value, and 
the important azo-dyes are invariably prepared by a different 
method (Part II., Section III.). The hydrazo compounds, 
however, are of the greatest importance owing to the 
peculiar rearrangement they undergo under the influence 
of acids. These cause a molecular rearrangement with the 
production of a diamino diphenyl derivative. 

If both para positions to the hydrazo group are free, a 
^3-diaminodiphenyl is produced. If both are occupied an 
02-diaminodiphenyl is obtained; but it is only the para 
compounds (benzidines) that are of technical importance. 
Under some conditions the rearrangement does not go so 
far, an aminodiphenylamine being the product (semidine 
change) ; but these are of httle value technically, and the 
manufacturer’s object is always to produce the benzidine 
compound. 

The reduction is almost invariably carried out in aqueous 
alcoholic solution with caustic soda and zinc dust, only a 
small quantity of caustic being used, as it acts more or less 
as a catalyst — 

2 ArNOa + 5Zn -f HaO =ArNH -NHAr -HsZnO 

When the reduction is complete, i.e. when the solution 
has become coloiuless, the alcohol is blown off with steam 
and the mass of zinc oxide and hydrozo compound thrown 
on to a 6o-mesh sieve and thofoug(hly washed with water. 



40 COAL TAR DYES AND INTERMEDIATES 

'The zinc oxide passes thxougli the screen, but the crystalline 
fiydrazo compound is retained. The rearrangement is 
carried out at 35“ C. by slowly adding hydrochloric acid so 
that an acid reaction is maintained, and then boiling for a 
few minutes. The reduction can be brought about without 
alcohol if a large excess of caustic is used and the agitation 
is sufficiently vigorous to maintain an emulsion ; but the 
yields are not so good, as aniline is produced simnltaneously. 
Also the reaction is very violent and is easier to keep under 
control in aqueous alcohoHc solution. 

The use of iron and caustic soda“® has been advocated 
and claims made that excellent yields are obtained, and 
that the caustic can be recovered as the ferrite produced is 
decomposed on dilution into ferric oxide and caustic soda , 
but other investigators assert that the presence of iron, even 
the waUs of iron vessels, greatly enhance the production of 
aniline.®’ Reduction by electrical means has also been 
described and with zinc dust at its present high price would 
probably be economically sound.®® 

Benzidine ®® (/>-diaminodipheuyl). — Reduction is best 
carried out in a stoneware or iron- vessel (preferably 
enamelled) provided with an agitator, reflux condenser, and 
suitable charging holes, and which can be heated or cooled 
by means of a jacket. The charge is worked as follows : — 
The pan is charged with 200 kilos of nitrobenzole, 100 
litres of spirit, 200 litres of water, and 600 litres of caustic 
soda solution of 35 per cent, strength, and the whole brought 
to the boil. Zinc dust is now fed in slowly so as to keep 
the charge boiling, the amount required depending on the 
quality but usually being about 350 kilos. This takes 
about 3 hours, at the end of which time the charge should 
be colourless. If not, a little water, and if necessary some 
more zinc is added. "When reduction is complete the 
alcohol is blown off with steam and recovered, and the 
charge then run on to a 60-mesh vibrating screen and 
thoroughly washed in a stream of water. When all the zinc 
oxide has been washed away the crystalline hydrazo benzene 
is suspended in twice its weight of water at 35° C. and a slow 
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manufacture, but the only satisfactory one is by the 
rearrangement of phthalimide or phthaliminic acid — 

5 ? /COONa 

CaHZ NNH+sNaOH+NaOCl^CeHZ H-NaU 

do 

+Na2C03+H20 

In order to obtain good yields the amount of caustic 
soda used must not be less than that shown by the equa- 
tion, and the amount of hypochlorite must be exact. The 
process is carried out as follows : — 

Phthalic acid is neutralized with ammonia, the solution 
evaporated to dryness and the residual ammonium phtha- 
late heated to 225° C. The salt melts and water and 
ammonia are given off. When no more ammonia is evolved 
the melt is run into flat trays, allowed to cool, and then 
broken up and recrystallized from water in order to get rid 
of unchanged ammonium phthalate. One part of the 
phthalimide thus obtained, after being finely ground, is 
added simultaneously with 2 parts of solid caustic soda 
to 7 parts of water in a jacketed agitator pan, water being 
run through the jacket to prevent any tmdue rise in tempe- 
rature. After cooling 10 parts of sodium hypochlorite 
solution (electrobleach), containing exactly 5*06 per cent, of 
NaOCl, are added, when the temperature rises automatically 
to 50-60°. To complete the change the solution is heated 
to 80° C. for half an hour and then cooled and free alkali 
neutralized with hydrochloric or sulphuric acid. On 
adding excess of acetic acid the majority of the anthranilic 
acid is precipitated. It is filtered off and what remains in 
solution thrown down as the difiBLcultly soluble copper salt. 
M.p. 145° C. 

a-Aminoatxthraquinone.®® — ^This can be obtained 
by heating potassium anthxaquinone-o-sulphonate with 
ammonia under pressure, but is more readily obtained by 
adding o-nitroanthraquinone to a boiling solution of two 
parts of sodium sulphide. The amino compound separates 
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out as a dark red powder which after filtermg from the red 
or purple-coloured liqiuor and washing is almost pure. 
M.p. 243° C. 

The 1-5- and i-8-diamino compounds are obtained in 
the same way from the corresponding compounds, but are 
better obtained from the corresponding disulphonic acids 
by heating with ammonia. 

)3-Aminoanthraquinone.®* — ^This is obtained by heat- 
ing sodium anthraquinone-)3-sulphonate (silver salt) with 
ammonia, but poor yields are obtained unless some sub- 
stance is added to destroy the sulphite formed. This can 
be done by the addition of barium chloride, but better 
results are obtained by adding a suitable oxidizing ^ent 
such as manganese dioxide (Weldon mud) or sodium dichro- 
mate. Almost theoretical 3delds are obtained by heating 
125 parts of silver salt, 156 parts of manganese dioxide 
(80 per cent. Mn02)i 130 parts of water, and 580 parts of 
35 per cent, ammonia at 200° C. for six hours. After 
cooling, the product is freed from manganese by treatment 
with sulphurous acid. M.p. 302° C. 

3-6- and 2-7-diaminoanthraquinone are obtained in the 
same way from the corresponding disulphonic acids. 
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is done, but its high viscosit 3 >- and low specific beat are dis- 
advantages. 

In many cases wben volatile compounds are to be 
sulpbonated, tbe sulpbonation is carried out in closed 
vessels (autoclaves) under pressure in order to maintain a 
sufiicient temperature to allow sulpbonation to be com- 
pleted without use of excessive amotmts of acid. These 
should never be heated by steam coils, as should one burst 
the steam blowing into the hot acid may cause such pressure 
that the autoclave explodes. Direct fire or vitriol are the 
best means of heating under these circumstances, but a 
water or brine bath can be used when temperatures of about 
100® C. only are required. 

When sulpbonation is complete, the contents of the 
kettle are run out from a bottom cock where this is pro- 
vided, or alternatively are blown out by compressed air 
when it is not, the charge drowned in water or crushed ice 
contained in large vats constructed of oak or pitchpine 
which may or may not be lead lined. If the sulphonic acid 
is insoluble in acid it is then merely necessary to filter it off. 
If soluble it is either salted out by the addition of common 
salt or the solution is neutralized with milk of lime, the 
precipitated gypsum filtered off and well washed, and the 
solution of the calcium salt then treated with an equivalent 
of sodium carbonate. This precipitates the calciiun as 
carbonate, and after this has been removed by filtration 
the liquor is concentrated until the sodium salt of the 
sulphonic acid crystallizes. 

It does not pay to substitute chalk for the rather more 
expensive lime, as the resulting frothing is very trouble- 
some. As sulpbonation always takes place with the forma- 
tion of water the sulphonating acid becomes more and more 
dilute as the reaction proceeds; until finally such a point is 
reached that it no longer acts. To remedy this either a 
very large excess of acid must be employed or oleum is 
substituted for the ordinary acid. If too strong an acid 
is used, polysulphonic acids may result ; but this can be 
prevented either by keeping the temperature down at first 
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Benzene Series. 

Benzene Sulphonic Acid. — ^The stilphonation can be 
carried out with R.O.V. in open vessels provided with a 
reflux condenser, but under these circumstances a very 
great excess of acid must be used. More satisfactory- 
results are obtained by sulphonating in closed autoclaves, 
e.g. by heating benzole with 5 times its weight of R.O.V. 
to 100° C. for about two days. The usual modern process, 
however; involves the use of oleum, the benzole being 
slowly added to about 4 times its weight of fuming acid 
containing 8 per cent, of free anhydride. A great deal of 
heat is evolved, and at first the temiDerature should not be 
allowed to exceed 30“ C. After the acid has become some- 
what diluted the temperature is raised to 50° C. and main- 
tained at this point imtil sulphonation is complete, i.e. 
until the whole of the benzole is dissolved. A stronger 
oleum can be used, but if this is done there is danger of 
formation of disulphonic acid and sulphone, Ph— SO2— Ph. 
When sulphonation is complete the charge is usually run 
into water and limed out, but the acid can be salted out. 
The optimum conditions for salting out are to run 5 volumes 
of the charge into 9 volumes of brine.* The free acid is 
not prepared commercially, as it is troublesome to isolate, 
and the sodium salt is more suited for phenol manufacture. 

Benzene Disulphonic Acid. — ^More -vigorous sulphona- 
tion of benzole leads to a mixtiue of meta and imra disul- 
phonic acids, low temperature favouring the formation of 
the former, and high temperature and prolonged cooking 
favouring the latter. The presence of mercury salts also 
favours the formation of the para acid. Technically no 
attempt is made to separate the acids, as they both pass 
into resorcinol on fusion with caustic. 

The sulphonation is carried out -with 8-10 per cent, 
oleum exactly as in the case of the mono acid, but the 
solution of the benzole is completed by slowly raising 
the temperature to 100® C. After solution is complete the 
charge is cooked for two hoius at 275® C., cooled, run into 
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water, and limed out, A lower temperature, viz. 225° C., 
suffices if aiiliydrous sodium sulphate is added to the acid in 
the proportion of I'l parts of sulphate to i part of benzole. 

As is the case with the mono acid, only the sodium salt 
is prepared. 

Toluol Sulphonic Acids. — Toluol on sulphonation 
gives a mixture of alt tluree sulphonic acids, of which the 
meta derivative is present only in very small quantities 
and is of no technical value. 

Sulphonation with sulphuric acid or oleum leads to 
about 60 per cent, of para acid, the sulphonation being 
carried out by heating to 100° C. with 6 parts of R.O.V. 
A better iDrocedure, however, is to add simultaneously 184 
kilos of toluol and 240 kilos of 25 per cent, oleum to 400 
kilos of R.O.V., the temperature being maintained at 14- 
16® C. If, on the other hand, the sulphonation is carried 
out with chlorsulphonic acid,® the ortho acid predominates, 
about 60 per cent, being formed. By employing sufficient 
chlorsulphonic acid the sulphochlorides are obtained direct 
and can be readily separated. This is the process usually 
employed in saccharine works, and is carried out by adding 
toluol slowly to 4 parts of chlorsulphonic acid, the tempera- 
ture being kept below 5® C. After the whole of the toluol 
has been added the melt is stirred for 12 horns, run on to 
ice, and the sulphochlorides then collected. 

Several methods have been proposed for separating the 
isomers, of which the following are the most important . — 

(«) Separation by sulphuric acid. This separation is 
based on the fact that whereas the ortho acid is easily 
soluble in sulphuric acid of 65—70 cent, strength, the 
para acid is difficultly soluble. On the other hand, the 
ortho acid is almost insoluble in sulphuric acid of 45-50 per 
cent, stretch at low temperatures. The separation can 
be carried out by treating the mixed sodium salts with 
4 parts of 66 per cent, sulphuric acid,® but is best combined 
with the sulphonation process. If this is earned out with 
oleum, as described above, and then 140 kilos of water 
or ice added slowly so that the temperature does not rise 
R 2. 4 
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above 20° C., about 95 per cent, of the para acid separates 
in the pure state. By adding another 5 kilos of water and 
cooling to 10“ C. a further small crop can be obtained con- 
sisting chiefly of the para acid, but contaminated with 
ortho. The filtrate is then diluted with 145 kilos of water 
and maintained at —5® C. for two days, when the whole 
of the ortho acid separates out pure. The mother liquor 
from this is sulphuric acid of 45 per cent, strength, and can 
be concentrated or used for sulphate of ammonia or other 
purpose. The crystals of sulphonic acid which separate 
contain sulphuric acid of crystallization, and have the 
formula 2C7H7S03H-l-H2S04-j-H20. They are dissolved 
in water and the solution limed out in the usual way. 

(6) Separation of the sulphochlorides. These are either 
obtained by the direct method, i.e. by sulphonating with 
excess of chlorsulphonic acid, or by treating the mixed 
sodium salts with phosphorus trichloride or the magnesium 
salts with chlorsulphonic acid.’ On cooling, the mixed 
chlorides to — 20°the para isomer (m.p. 69° C.) separates out. 

Other methods of separation, such as fractional crystal- 
lization of the salts and fractional precipitation of the 
sulphamides have been proposed, but are not in general use. 

Sulphanilic Acid (/?-aminobenzenesulphonic acid). — ^As 
the free acid is almost insoluble in cold water its isolation 
is very easy. 

The sulphonation can be carried out by two methods, 
that employing excess of sulphuric acid being the least 
economical, but being stiU used in some of the smaller works 
whose output is not sufiicient to justify expenditure on the 
special plant required by the baking process. In this case 
the aniline is added to twice its weight of vitriol and the 
charge then cooked at 180-190® until a sample is com- 
pletely soluble in dilute caustic. 

A more economical process consists in first converting 
the aniline into its acid sulphate. This can be done by 
adding the aruline slowly to the calculated amount of 
strong vitriol (100 parts of aniline require about 115 parts 
of R.O.V.), which must be done slowly as much heat is 
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is carried out at 25-30° C. witli 3 parts of 23 per cent, 
oleum, until a sample is completely soluble in water. On 
running the melt into 15 parts of brine the acid separates. 

j«-Nitraniline-4-Sulphonic Acid. — ^This is obtained 
by treating wi-dinitrobenzole with sodium sulphite solution, 
when simultaneous reduction and sulphonation takes 
place.® The process is carried out by adding w-dinitro- 
benzole slowly to a warm 20 per cent, solution of sodium 
sulphite. As soon as the w-dinitrobenzole melts a brisk 
reaction sets in and a clear solution is obtained from which 
the sulphonic acid is precipitated on acidifying. 

Phenylenediamine Sulphonic Acid. — w-Phenylenc 
diamine-4-6-disulphonic acid is obtained by sulijlionating 
JH-phenylene diamine with oleum.® 

/•-Phenylene diamine sulphonic acid is obtained from 
^-phenylene diamine by oxidizing it to the quinone imide 
by bichromate and then treating this with bisulphite — 

HN =C6H4 =NH H-NaHSOs 

It is not necessary to isolate the quinone imide, the 
process being best carried out by oxidizing the diamine in 
the presence of sodium bisulphite. 

j!)-Aininophenol Sulphonic Acid is obtained in a very 
similar way by passing sulphur dioxide into a warm suspen- 
sion of 6-3 kilos of nitrosophenol in 50 litres of water. After 
complete solution has taken place the whole is boiled, and 
on subsequent cooling the aminophcnol sulphonic acid 
separates out. Some disulphonic acid can be obtained 
from the mother liquors. 

NAPH1^HAIJeNE Sulphonic Acids. 

Owing to the enormous number of naphthalene, naph- 
thol, naphthylamine, and aminonaphthol sulphonic acids 
that are of technical importance, no attempt can be made 
to treat them in detail. The manufacture of the more 
important ones will be described, but for the majority the 
reader must be referred to the literature (sec pages 54, 55, 56). 
When naphthalene itself is sulphouated the sulphonic 
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group enters the a-position at low temperatures and the 
^-position at high temperatures, and if the a-acid is heated 
with sulphuric acid the sulphonic acid group wanders to 
the j8-position. 

OChese two acids on further sulphonation give a variety 
of disulphonic acids according to the conditions under 
which the sulphonation is carried out, the second group 
again entering the a-position at low temperatures and the 
j8-position at high temperatures. 


S S 



High 


Low 








temp. Q 


temp. cj 



Low 

temp. 








s 


s 


High temp. 


IS 


+ 

Heat. 


vS 


s 


a-Naphtliol on sulphonation gives a mixture of 1-2- and 
1-4-naphthol sulphonic acid, both of which on further 
sulphonation pass into i-naphthol-2-4-disulphonic acid. 
The a-naphlhol sulphonic acids, however, are not usually 
made by the sulphonation of o-naphthol. 

j8-Naphthol when snlphonated at a low temperature 
yields 2-naphthol-i-sulphonic acid which is converted by 
excess of sulphuric acid into a mixture of 2-naphthol- 
6-sulphonic acid (Schafier's acid) and 2-naphthol-8-sul- 
phonic acid (Bayer's or Crocein acid) . The relative amounts 
of these isomers depends on the conditions. Excess of 
sulphuric acid, prolonged heating, and a high temperature 
all favouring the formation of Schaffer's acid. 

More exhaustive sulphonation leads to 2-naphthol- 
3-6-disulphonic acid (R-acid) and 2-naphthol-6-8-disul- 
phonic acid (G acid) . 

The products obtained by sulphonating a-naphthyl- 
amine depend very much on the conditions. By roasting 
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tlie stilptate, the 1-4 acid (naphthionic acid) is obtained, 
which, prolonged heating with sulphuric acid converts into 
the 1-5 acid (Laurent’s acid) and the 1-6 acid (Cleve’s 
j8- acid). Laurent’s acid, however, is best obtained by 
sulphonating a-naphthylamine hydrochloride. 

Another rearrangement takes place when sodium naph- 
thionate is heated with naphthalene, the 1-2 acid being 
produced. 

If a-naphthylamine is first converted into acet-a- 
naphthalide and then sulphonated, i-naphthylamine-5- 
sulphonic acid is obtained. 

j3-Naphthylamine on sulphonation jdelds four mono- 
sulphonic acids, viz. 2-8, 2-5, 2-6, and 2-7-naphthylamine 
sulphonic acid. The relative proportion in which these 
acids are formed depends on the conditions as regards 
time, temperature, and concentration, but the most impor- 
tant of them, viz. the 2-6 acid (Bronner's acid) and the 2-7 
acid (amino P acid), are best obtained from the correspond- 
ing naphthol acids by heating with ammonia. 

Finally, if acet-j8-naphthalide is sulphonated the sul- 
phonic acid group enters at 5 and 7, the most important 
product being the 5-7 disulphonic acid, which on fusion 
with caustic gives J-acid. 

The following scheme indicates the method of forma- 
tion of the chief technically important naphthol, naph- 
thylamine and amino naphthol sulphonic acids together 
with their technical names : — 
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During the last part of the cooking water and naphtha- 
lene distil off. When sulphonation is finished the melt is 
cooled, and then either run into salt solution or it is run 
into water and limed out in the ordinary way. 

Naphthalene- i-S-disulphonic Acid.®’ — This is ob- 
tained when naphthalene is dissolved in 5 parts of 23 per 
cent, oleum, the temperature being kept at about 10° C., 
or by adding i part of sodium naphthalene-a-sulphonate 
to 2 parts of oleum at 20® C. and then heating for an hour 
at 70° C. After dilution the acid is salted out. 

Naphthalene- 1 -6-disulphonic Acid.®® — By the sul- 
phonation of sodium naphthalene-/3-sulphonate with 2 parts 
of oleum at 100° C., or with 5 parts of R.O.V. at 110“ C. 

Naphthalene-2-6- and 2-7-disulphonic Acids.®* — 
These are both obtained when sodium naphthalene-j3-sul- 
phonate is treated with sulphuric acid at 170-180 “ C. and 
can be separated by means of their calcium salts. The 
2-7 acid, however, is almost the sole product when the 
sulphonation is carried out in the presence of pyrosulphate. 

Naphthalene- 1-3-6-trisulphonic Acid. — By sulpho- 
nating with 8 parts of 24 per cent, oleum at 180° C., or with 
6 parts of 40 per cent, oleum at 80° C. On nitration it gives 
i-nitronaphthalene-3-6-8-trisulphonic acid. The nitration 
is carried out at 30'’ C. by adding a slight excess of nitric 
acid dissolved in concentrated sulphuric acid. The nitro 
acid is not isolated, the charge being run into water and 
then reduced to the amiito add with iron turnings. This 
latter is then isolated by liming out. 

Naphthalene- 1 -3-5-trisulphonic Acid. — This is ob- 


. . Raised gradually to 160° C. 

Maintained at 160° C. 

. . Raised from 160-170“ C. 

. . Maintained at 170“ C. 

Raised from 170-180 C. 

. . Maintained at 180“ C. 



SULPHONATION 


59 

taiued from the i-5*disulphoiiic acid by dissolving 2 parts 
of the sodium salt in 3 parts of monohydrate at 40° C. and 
then adding 2J parts of 70 per cent, oleum. The melt is 
heated at 80—90° until a sample dissolved in water no 
longer gives a precipitate with brine. On nitration it gives 
i-nitronaphthalene-4-6-8-trisulphonic acid. The nitration 
is brought about by cooling the melt to 20° C. and at this 
temperature slowly adding the calculated amount of nitric 
acid dissolved in twice its weight of R.O.V. The nitro acid 
is not usually isolated, the melt being run into water and 
then reduced by adding iron turnings. The amino acid 
readily passes into the sultam — 


SO2— NH 



Naphthalene- 1-3-7-trisuIphoiiic Acid.— The sodium 
salt of the 3-7*disulphonic acid is dissolved in 3 parts of 
monohydrate and i part of 60 per cent, oleum added. The 
melt is cooked at 100° C. until a sample gives no precipitate 
with brine. The acid is not isolated but nitrated by cooling 
the melt to 15-20° C. and then adding slowly the calculated 
amount of nitric acid. The nitro acid obtained is nitro- 
naphthaleue-3-5-7-trisulphonic acid. On reduction with 
iron it gives the corresponding amino acid. 

Bayer’s or Crocein Acid (2-naphthol-8-sulphonic acid). 
— ^This isobtained bythe sulphonationof jS-naphthol, whereby 
2-naphthol-i-sulphonic acid is first formed but passes very 
readily into the 2-8- acid (Bayer's or Crocein acid) and the 
2-6- acid (Schaffer’s acid). Working details depend on 
whdtlier it is desired to make Schaffer’s acid as well as 
Bayer’s acid or only the latter. If Bayer’s acid only is 
desired the process is carried out as follows : — 

Ten kilos of /3-naphthol are slowly added to 20 kilos of 
R.O.V.. great care being taken to prevent any rise of tempe- 
rature taking place above 20® C. The naphthol dissolves. 


j-j . » 
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but after a short time heat is evolved and the whole sets 
to a pasty mass owing to separation of 2-naphlhol-i-sul- 
phonic acid. Any tendency to heat up must be most 
carefully checked, as otherwise Schaffer’s acid will be formed. 
The whole is then allowed to stand for about a week with 
frequent agitation while the transformation is takit^ place. 
The course of the reaction is followed by boiling a sample 
for some time with its own volume of water. As long as 
any 2-naphthol-i-sulphonic acid is present j8-naphthol will 
be precipitated. "Vinien this is no longer the case the melt, 
which has become thinner, is run into water and limed out. 
If it is desired to obtain the acid completely free from 
Schaffer’s acid, this is best done through the lead salts. 

Schaffer’s Acid*^ (2-uaphthol-6“Sulphonic acid). — ^This 
is obtained together with Bayer’s acid by the sulphonation 
of ^-naphthol with 2 parts of R.O.V. at 50-60“ C. The 
melt is limed out in the ordinary way and the sodiiun salts 
obtained. These are treated with sufficient caustic soda 
to allow of salt formation taking place with the hydroxyl 
group and the disoditun salts carefully dried and extracted 
with 4 x>o>'rts of boiling 90 per cent, spirit. Bayer’s salt 
dissolves, but Schaffer’s salt remains insoluble. 

vSeparation can also be brought about by fractional 
crystallization of the sodium, potassium, or calcium salts. 

G-Acid (2-naphthol-6-8-disulphonic acid). — By the 
sulphonation of j 3 -naphthol with 4-5 parts of R.O.V. at 
60“ C. for 36-48 hours, or at 20“ C. for 8 days. It is always 
accompanied by some R-acid and Bayer’s acid, and can 
be pmi&ed throtrgh its sodium, potassium, or barium salt, 
or the impurities can be thrown out by fractional precipi- 
tation with a diazo chloride. 

R-Acid (2-naphthol-3-6-disulphonic acid). — ^The sul- 
phonation is best carried out by adding )8-naphthol quickly 
to 4 parts of R.O.V. previously heated to 125“ C. and then 
cooking the charge for 6 hours at this temperature. It is 
separated from the G-acid formed simultaneously by salt- 
ing out with brine, when R-salt is thrown down and G- 
acid remains in solution, or by extracting the sodium salts 
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its weight of 25 pex cent, oleum at 5“ C. The charge is then 
poured on to ice, and the acid collected and limed out. It 
is soluble in 1000 parts of cold water. It can also be obtained 
by sulphonating a-nitronaphthalene with chlorsulphonic 
acid and then reducing the nitro group. 

p.-Acid or Cleve’s / 3 -Acid (i-naphthylamine-6-sul- 
phonic acid) . — a-Naphthylamine is sulphonated with 5 parts 
of R.O.V. at 125° C. for 22 hours. After liming out the 
calcium salts are taken to dryness and 1-5-acid extracted 
with boiling alcohol and then disulphonic acids with methyl 
alcohol. The free acid is soluble in 1000 parts of cold water. 

Dahl’s No. III. Acid and Dahl’s No. II. Acid 
(r-naphthylamme-4-7- and 4-6-disulphonic acids). — ^These 
are obtained simultaneously when naphthionic acid is sul- 
phonated, the product consisting of about two parts of No. 
III. and one part of No. II. The sulphonation is carried out 
with 3| parts of 25 per cent, oleum and requires about 3 days. 
Sulphonation is complete when 5 or 6 drops of the melt 
in 10 c.c. of water gives no precipitate on standing for a few 
minutes. The whole is then limed out and the calcium salts 
taken to dryness and extracted with 85 per cent, spirit, when 
No. II. salt dissolves and No. III. is left. 

Badische Acid ®® (2-naphthylamine-8-sulphonic acid). 
— This is the chief product when / 9 -naphthylamme is sul- 
phonated. The sulphonation is best carried out by heating 
200 lbs. of /8-naphthylamine with 600 lbs. of R.O.V. for 6 
hours at 100-110° C. After cooling the melt is run into 
250 gallons of water and the crude acid filtered off and 
converted into the sodium salt. Impurities are then ex- 
tracted by 6 parts of spirit. 

2-NaphthyIamine-5-7-disulphonic Acid.*® — ^This is 
important as an intermediate product in the manufacttue 
of J-acid, and is obtained by stilphonatihg acet-/8-naphthyl- 
amme and then sphtting off the acetyl group. The sul- 
phonation is best carried out by adding i part of a-acet- 
naphthalide to 5 parts of 35 per cent, oleum, and at 5° C., 
and allowing the mixture to stand at 25-30° C. for 24 hours. 
A purer product is, however, obtained if i-naphthylamine- 
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One hundred pounds of anthraquinone and i lb. of merciuy 
sulphate are heated at 160“ C. with 200 lbs, of 45 per cent, 
oleum until a sample is completely soluble in water. After 
cooling the melt is diluted with 200 lbs. of R.O.V. and the 

1- 5- acid, which is insoluble in sulphuric acid, filtered off 
and well washed with R.O.V. The united filtrates on 
dilution with half their weight of water deposit the 1-8- 
acid. Both acids are purified by dissolving in water and 
salting out with potassium chloride. 

Anthraquinone-j8-Sulphonic Acid.*®— The sulphona- 
tiou is carried out by heating anthraquinone with its own 
■weight of 45 per cent, oleum, and slowly raising the tempe- 
rature to 160° C. Without cooling the melt is then run into 
boiling water and imchanged anthraquinone (20-35 per 
cent.) removed by filtration. The object of running the 
melt while still hot into boiling water is to obtain this 
anthraquinone in a filterable condition. The hquors are 
then neutralized mth caustic and on cooling deposit sodium 
anthraquinone- jS-sulphonate, kno'wn technically as '' silver 
salt ” from its silvery appearance. A further quantity 
is obtained by concentra-ting the mother hquors. If these 
are then concentrated to a gravity of 1260 they deposit 
most of the Glauber salt, and after this has been removed 
the filtrate can be taken to dryness and some disulphonates 
mixed •with sodium sulphate obtained. 

Anthraquinone Disulphonic Acids.*® — ^Further sul- 
phonation of anthraquinone leads to a mixture of 2-6 and 

2- 7-disulphonic acids which can be separated by the fractional 
crystallization of their sodium salts. The sulphonation is 
carried out ■with 2-3 parts of oleum at 170“ C. The same 
acids can be obtained from dichloranthracene. 
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Section IV.— HYDROXYLATION 


Ai^though methods have been described by which an 
hydrogen atom in an aromatic nucleus can be oxidized to 
an hydroxyl group these methods are as yet of no technical 
value except in the case of one or two anthxaquinone deriva- 
tives. As the most important of these are dyestuffs they 
are discussed in Part II., Section XI. 

Halogen atoms attached to the nucleus are usually so 
firmly bound that they cannot be replaced without complete 
rupture of the molecule. Nitro groups, however, in the 
ortho and para position render the halogen atom some- 
what less stable, but even o- and ^-nitrophenols are only 
obtained from the corresponding nitrochlorbenzoles with 
the utmost difficulty, prolonged heating with aqueous 
caustic potash under pressure being necessary, and even 
then the yields are minute. Alcoholic potash has been 
tried, but it reduces the nitro group with production of azo- 
and azoxy- compounds. 

When two nitro groups are present in the ortho and para 
positions the case is different, and under these circumstances 
the halogen atom is easily removed by boiling with sodium 
carbonate or lime in open vessels, or even by heating with 
water under pressure. The only compound of technical 
importance that is manufactured by this method is 2-4- 
dinitrophenol. This is obtained when 2-4-dinitro chlor- 
benzole is boiled with a 5 per cent, solution of sodium 
carbonate, the weight of carbonate used being the same as 
that of nitrochlorbenzole. The decomposition is complete in 
about 24 hours, the nitrophenol being then in solution as 
its sodium salt. On acidifying it separates out, and only 
requires to be washed and dried. It melts at 114° C. 
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As a rule iiydrosEyl groups are introduced by displacement 
of amino groups or sulphonic acid groups. 

Wben an amino group is to be replaced, two methods are 
available, viz. the base is first diazotized and the diazo salt 
boiled with water, or the amino group is replaced directly 
by boilin g with acids or alkalies, or with bisulphites, in this 
latter case a sulphite ester being formed as an intermediate 
product which on subsequent hydrolysis passes into the 
phenol ; 

ArNHo-^ArOSOa-^ArOH 

^he diazo reaction is of very general application, but in very 
many cases the yields are microscopic. In other cases, 
however, almost quantitative yields are obtained. As the 
diazo sulphates usually give better yields than the diazo- 
chlorides the base can conveniently be diazotized with 
sulphuric acid and sodium nitrite instead of hydrochloric 
acid, and this has the great advantage that lead-lined 
vessels can be used for the subsequent boiling. When 
diazotization is complete, the decomposition of the diazo 
sulphate is brought about either by simple boiling up, or, 
as is more customary, by allowing the solution of the diazo 
salt to run slowly into boiling dilute sulphuric acid. As 
nitrogen gas is evolved allowance must be made for 
frothing. 

The replacement of the amino group by hydroxyl by 
heating with acids or alkalies depends very largely on the 
base. In the benzene series amino groups as a rule are only 
replaced when there are negative substituents m the ortho 
or para position. Thus aniline gives little or no trace of 
phenol, whereas 0- and ^-nitraniline give the corresponding 
nitrophenols in fair yield. Diamines and aminophenols 
react more readily than monamines, and ^-nitroso dialkyl 
anilines react with exceptional ease, nitroso dimethyl aniline, 
for example, being readily split into dimethylamine and 
uitrosophanol when boiled with 3 cent, caustic soda under 
a reflux condenser. The nitrosophenol is readily reduced, 
so that this pie^hqd p^:o\ddes a process for manufacturing 
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amiuopiieuol, but it is usually found more economical to 
]?xepare nitrophenol and reduce tliis. It is used, however, 
in making aminophenol sulphonic acid (see p. 52). 

In the naphthalene series amino groups are more readily 
replaced, especially when in the a-position, and the method 
is widely used in preparing the important uaphthol sul- 
phonic acids. a-Naphthol itself is manufactured by heating 
a-naphthylamine salts with water under pressure, and the 
replacement is facilitated by the presence of sulphonic acid 
groups in the molecule. For this reason the a-naphthol 
sulphonic acids are not manufactured by sulphonating 
a-naphthol, but by sulphonating a-naphthylamine and then 
replacing the amino group. 

Although in some cases the replacement can be carried 
out in open vessels, better results are usually obtained by 
working under pressure, and although both acids and alkahes 
can be used to bring about the reaction the latter are usually 
to be preferred, owing to their less corroding effect on the 
plant. Hydrochloric acid can only be handled in auto- 
claves with an enamelled iron liner, but dilute sulphuric 
acid can be handled in lead-hned autoclaves provided the 
temperature is not too high. Acid hydrolysis allows of 
somewhat lower working pressures, as the ammonia evolved 
is absorbed ; but this is usually more than counterbalanced 
by the corrosive properties of the liquors and by the danger 
of splitting off a sulphonic acid group, some of the sulphonic 
acids being easily hydrolysed. 

The sulphite process frequently gives the best yields, but 
is not so generally applicable as acid or alkaline hydrolysis. 
It takes place at low temperatures, 90-110“ C., so that 
open lead-hned vessels can be used, and as a rule it 3nelds 
a product of exceptional purity. The sulphite ester is 
formed as an intermediate product, but not isolated, the hy- 
drolysis being brought about by boiling the solution with 
caustic soda. The reaction is reversible and is much used 
for the production of amines. It is more fully discussed 
on page 36. 

One of the most imijortaut methods of introducing a 
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broken up and dissolved in water. The sodium salts of 
some phenols, e.g. a-naphthol, are almost insoluble in 
caustic, so that on standing they rise to the surface, and in 
this case a considerable amount of caustic can be recovered 
by running off the lower layer separately. In any case the 
sodium salt of the phenol is decomposed by hydrochloric 
acid, or in suitable cases by carbonic acid, and the phenol 
then isolated by any suitable means. If mineral acid is 
used stdphurous acid is liberated, and either collected in 
caustic soda as sulphite or used to neutralize part of the 
next charge. 

Phenol. — ^In normal times the supply of phenol from 
coal tar is sufficient to meet the world’s demand, and it is 
only made synthetically when the price rises sufficiently. 
During the war, however, the demand for picric acid has 
been so great that hundreds of thousands of tons of phenol 
have been made from benzene sulphonic acid, although the 
phenol process is rapidly being displaced by the chlor- 
benzole process. The melt is carried out at 300° C., with 
3 parts of caustic to 4 parts of sodium benzene sulphonate, 
the temperature being finally raised to 330° C. and main- 
tained at this point until the whole goes to a thin liquid. 
After dissolving and neutralizing the melt, the phenol is 
collected and purified by distillation, The 3deld is about 
90 per cent. M.p. 42° C., b.p. 182° C. 

Cresol. — The cresols are usually obtained from coal tar, 
but the ortho and para isomers can be obtained from the 
corresponding toluol sulphonic acids, or in about 75 per 
cent, yield from 0- and ^-toluidine by the diazo reaction. 

o-Cresol . . . , m.p. 31“ C., b.p. 190® C. 

«i-Cresol . . . . m.p. 4° C., b.p. 203° C. 

^-Cresol . . . . m.p. 35° C., b.p. 202® C. 

Resorcinol (w-dioxybenzene).® — ^As all three benzene 
disulphonic acids pass into resorcinol on fusion with caustic 
there is no need to separate the isomers, and use is always 
made of the mixture of sodium benzene disulphonates 
obtained by sulphonating benzene. 
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acid).— This acid is usually spoken o£ as NW acid, and 
there are three processes in use for its manufacture, of 
which the sulphite process is the best. 

{a) Sodium naphthionate (i part) is diazotized in the 
usual way with sodium nitrite and hydrochloric acid, and the 
insoluble diazo salt filtered off and washed. It is then 
mixed with ten parts of water and run slowly into i8 parts 
of boiling 4J per cent, sulphuric acid. On neutralizing and 
cooling the acid crystallizes out. 

(&) Equal weights of sodium naphthionate and 50 per 
cent, caustic soda are heated in an autoclave for 10 hours 
at 200-220“ C. The product is then run into water, the 
ammonia boiled off and the solution neutralized. 

(c) Sodium naphthionate (32 kilos) is dissolved in 20 
litres of water and 75 kilos of 40 per cent, sodium bisulphite 
solution, and the whole heated at 90“ C. for 24 hours. After 
cooling hydrochloric acid is added until acid to congo paper 
and unchanged naphthionic acid (about 10 per cent.) filtered 
off. The filtrate is then made hlkaline with cau^ic soda 
and boiled to hydrolyse the sulphite ester and remove 
ammonia. It is then acidified and boiled to remove sulphur 
dioxide and the NW acid finally salted out. 

A modification of this process consists in dissolving 
naphthionate in 3 parts water and then passing sulphur 
dioxide at 100“ C. for 30 hours. 

L-Acid ® (i-naphthol-5-sulphonic acid). — From naph- 
thalene-i-5-disulphonic acid by fusing with 4 parts of 
caustic soda at 180“ C. On acidifying the dissolved melt 
I/-acid separates. 

Schollkopf’s Acid ® (i-naphthol-8-sulphonic acid). — 
This is best obtained from the corresponding amino acid 
by heating with 4 parts of water at 200“ C. for 8 hours. 
It can also be obtained by the diazo process. 

Chromotropic Acid ’ (i-8-dioxynaphthalene-3-6-disul- 
phonic acid) . — ^This is obtained by two methods. 

(«) H-acid is heated with 10 parts of 5 per cent, caustic 
soda solution in an autoclave at 265“ C. for 8 hoturs. The 
liberated ammonia is then boiled out and the solution 
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neutralized when chromotropic acid separates or is salted out. 
H-acid is obtained from i-naphthylamine-3-6-8-trisulphonic 
acid, and when chromotropic acid is being made the H-acid 
is not isolated. Instead the melt is dissolved in water, 
diluted until the alkalinity is 5 per cent, and this solution 
then lieated as above. 

(6) i-Naphthylamine-3-6-8-trisulphonic acid is diazotized 
with sulphuric acid and sodium nitrite in the usual way and 
the diazo solution boiled until no more nitrogen is evolved. 
From this solution the sodium salt of i-naphthol-3-6-8- 
trisulphonic acid® is obtained by liming out, and is then 
heated with 3 parts of 50 per cent, caustic soda at 170- 
220°" C. until no more frothing takes place. The melt is 
dissolved in water and acidified. On cooUng the chromo- 
tropic acid separates. 

Atninonaphthol G-Acid ® (2-8-aminonaphthol-6-sul- 
phonic acid). — This is obtained from amino G acid (2-naph- 
thylamine-d-S-disulphonic acid) by heating it in an auto- 
clave at 185“ C. for 7 hours with twice its weight of 40 per 
cent, caustic soda. The acid is deposited from the cold 
melt on acidifying. 

J-Acid^® (2-amino-5-naphthol-7-sulphonic acid). — ^From 
j3-naphthylamine-5-7-distilphonic acid by heating in an 
autoclave with twice its weight of 50 per cent, caustic at 
180® C. The melt is then run on to ice and acidified with 
hydrochloric acid. On cooling the J-add cr3^tallizes. 

H-Acid (i-8-aminonaphthol-3-6-disulphonic add). — 
From the sodium salt of i-naphthylamine-3-6-8-trisulphonic 
acid by fusing with twice its weight of caustic soda (con- 
taitiing 10 per cent, of water) at 180“ C. 

K-Acid (i-8-aminonaphthol-3-5-disulphonic acid).— 
By heating sodium o-naphthylamine-3-5-8-ttisulphonate 
with double its wdght of 75 per cent, caustic soda in an 
autoclave at 170° C. 

2R-Add (2-8 amiaonaphthol-3-6-disulphonic add). — 
By caustic fusion of 2-anunonaphthalene-3-6-8-trisulphonic 
add at 200-260° C. 

2S-Acid (i-8-amiaonaphthol-2-4-disulphonic acid). — 




I J ■ / 
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From i-naphthylamine 2-4-8-tristilpliomc acid by fusing 
with caustic at i8o-igo° C. 
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in pagRiTig cHorine into benzaldehyde. Much heat ih evolved 
and the aldehyde boils, but towards the end heat must ^ 
applied. When the reaction is complete the product is dis- 
tilled. B.p. 198°, sp.gr. 1212. 

Chloranthraquinone CaH3CI(CO)2CoHi.‘^ — Xhe moiio- 
chloranthraquinones are best obtained from the corre- 
sponding sulphonic acids. The reaction is carried out by 
dissolving 40 parts of the sodium or potassium salt of the 
sulphonic acid in 1200 parts of water and 150 parts of con- 
centrated hydrochloric acid. The solutioir is boiled under 
a reflux condenser and a solution of 40 parts of sodium 
chlorate in 200 parts of water run in slowly, when the chlor- 
anthraquinone separates out in the pure state. 

a-Chloranthraquinone melts at 162” and ^-chloraiiUira- 
quinone at 310® C. 

The dichloranthraquiiioues are obtained in exactly the 
same way from the disulphonic acids. 

Benzaldehyde CsHgCHO. — ^Many methods have Ireen 
proposed for manufacturing benzaldehyde by the direct 
oxidation ® of toluol, but none have proved so batisfactory 
as the hydrolysis of benzal cliloride : 

PhCHCls -I-H2O =PhCHO 4-2HCI 

This decomposition can be brought about by boiling with 
caustic soda or milk of lime, best under pressure, but the 
catalytic method is the best.® This is based on the fact 
that hydrolysis is brought about by water at or below 100® C. 
if a little dry ferric benzoate or iron powder is added to the 
benzyl chloride. The addition of the ferric benzoate or 
iron powder must be made about half an hour before any 
water is added. The process is carried out as follows. 
Sixty kilos of benzal chloride is heated in a steam-jacketed 
enamelled iron kettle to 25-30® C. and 20 grams of iron 
powder added. After standing for half an hour 12 litres 
of water are run in and the whole heated slowly to yo- 
95® C. Hydrochloric acid gas is evolved, and the hydro- 
lysis is complete in about 10 hours. The charge is then 
made alkaline with milk of lime and the benzaldehyde 
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driven over with steam. If desired absolutely pure it is 
dissolved iu bisulphite solution, separated from any insoluble 
matter and then liberated by adding sodium carbonate. 

The hydrolysis of benzal chloride can be carried out more . 
rapidly by adding 200 kilos of milk of lime (made from 
34 kUos of lime) before the heating is started. Under these 
circumstances the mixture is heated with direct steam to 
50“ C., at which temperature the reaction sets in, the heat 
evolved being as a rule sufficient to complete it. The 
working costs are somewhat higher, as lime has to be used 
and the hydrochloric acid is lost ; but considerable time is < 
saved and the capital costs are smaller, as naked iron vessels ^ 
can be used. 

Beuzaldehyde boils at 179° C. 

Benzoic Acid CoHsCOOH. — ^The alkaline residue left 
after the beuzaldehyde has been blown off always contains 
benzoic acid derived from the benzotrichloride present in 
the benzal chloride, and on filtering and acidif3dng this is 
tluown down. If required in larger quantities it is merely 
necessary to use a crude benzal chloride of higher gravity, 
i.6. one containing more benzotrichloride. M.p. 121° C. 

Salicylic Acid ’ (o-oxy benzoic acid). — ^This is ob- 
tained by the action of carbon dioxide on sodium phenolale, 
the carbonic ester at fi,rst formed undergoing a rearrange- 
ment : 

/OH 

PhO.COONa=CaHa< 

\COONa 

The phenol is dissolved in the calculated amount of caustic 
soda and the solution then rapidly evaporated in shallow 
iron pans heated by an oil bath. The solution must be 
taken to absolute dryness, and to prevent charring the pans 
should be heated by an oil bath and the contents kept in 
motion by revolving scrapers. The evaporation should be 
as rapid as possible, as otherwise the carbon dioxide in the 
air will decompose part of the phenolate. When thoroughly 
dry the salt is ground up, charged into autoclaves, and carbon 
dioxide pumped in. In some factories it is the custom to 
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cool the charge until no more carbon dioxide is absorbed, 
i.e. until the formation of the carbonic ester is complete ; but 
it is more usual to maintain the temperature at 130-140° C., 
so that the ester is rearranged as formed. In either case 
the phenolate must be absolutely dry, and in the form of 
a fine powder, and the autoclave should be provided with 
revolving arms so as to keep the phenolate turning over. 
When the change is complete the charge is dissolved in 
water, and saturated with carbon dioxide to liberate un- 
changed phenol, which is then removed by steam or by 
a suitable solvent. The salicylic acid is then precipitated 
with mineral acid, filtered off and washed and then usually 
purified by distillation in vacuo or by distillation with 
superheated steam. During the treatment of the sodium 
phenolate with carbon dioxide the temperature must not be 
allowed to rise much above 140° C., as if it does phenol is 
liberated and the product is also contaminated with p-osy- 
benzoic acid. 

In some modern works the phenol and caustic are mixed 
in an iron pan fitted with a very efficient agitator and the 
solution taken to dryness in vacuo, heating being effected 
by superheated water circulating in channels cast in the 
walls of the kettle. The charge is then cooled below 100° C. 
by circulating cold water and carbon dioxide pumped in, 
the circulation of water being maintained so as to prevent 
undue rise in temperature. Very efficient agitation is 
required as otherwise the dry mass will adhere to the walls. 
This method of working is considerably quicker and in 
addition 3nelds a purer product. The acid melts at 155° C. 

Phthalic Acid® (benzeue-o-dicarboxylic acid). — On 
the manufacturing scale this is invariably obtained by the 
oxidation of naphthalene by sulphuric acid in the presence 
of mercuric sulphate. The process is carried out as follows : 
One thousand' pounds of naphthalene are dissolved by gently 
warming with 15,000 lbs. of sulphuric acid monohydrate 
and about 500 lbs. of mercuric .sulphate in a cast-iron sul- 
phonation kettle. The solution is then pumped into another 
cast-iron kettle of considerably larger size, which is provided 
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with a condenser, and is arranged for heating by direct fire. 
The solution is heated slowly, and oxidation sets in at 
200° C. and is brisk at 250° C. Torrents of carbon dioxide 
and sulphur dioxide are evolved, and these are led back to 
the contact chambers of the oleum plant, where the sulphur 
dioxide is reconverted into sidphuric acid. The phthalic 
acid condenses together with the water and sulphuric acid 
which distil off. The temperature of the still is carried 
up to 300-350° C. and the distillation continued almost to 
dryness. On cooling the distillate practically the whole 
of the phthalic acid separates out, and after wringing in a 
centrifuge merely requires to be washed with a little water. 
If desired it can be purified by sublimation. It consists 
almost entirely of the anhydride. M.p. 213° C. 

^-Nitrosodimethyl Aniline ONCaHiNMes* — Dimethyl 
aniline (240 lbs.) is dissolved in 190 gallons of 17 per cent, 
hydrociloric acid contained in an oak or pitch pine vat 
provided with an agitator. Ice is then added until the 
temperature falls to 10° C., and then a solution of 208 lbs. 
of sodium nitrite in 80 gallons of water run in slowly through 
a lead pipe reaching well below the surface. During the 
addition crushed ice is added from time to time so that 
the temperature does not rise above 10° C. When the whole 
of the nitrite has been added the charge is allowed to stand 
for an hour or two and the nitrosodimethyl aniline hydro- 
chloride then filtered off. 

Michler’s Ketone^ (Tetramethyldiaminobenzophenone). 
— Phosgene is passed into dimethyl aniline contained in an 
enamelled iron autoclave until the increase in weight is 
41 per cent. The autoclave is then closed, and the mixtine 
of dimethylaminobenzoyl chloride and dimethyl aniline 
heated on the water-bath for 7 hours. Excess of dimethyl 
aniline is then blown off by steam, and the residue dissolved 
in hydrochloric acid and, after filtration, precipitated by 
soda. M.p. 179° C. 

Dehydfothiotolui<Jine“ NHaCaH*. aHaCHs.— 


R 2. 


6 
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If ^-ioliiidine is heated with two molecules of sulphur for 
24 hours at 180° C. a product is obtained which is a mixture 
of dehydrothiotoluidine, primuline base and unchanged p- 
toluidine. To avoid the production of primuline base the 
melt must be carried out in presence of excess of toluidine 
or with a suitable solvent such as naphthalene. Good 
yields of dehydrothiotoluidine are obtained by heating 
4 parts of ^-toluidine with i part of sulphur at 190-195® C. 
tmtil no more sulphuretted hydrogen is evolved. After 
cooling the melt is broken up and excess of ^-toluidine re- 
moved by distillation in steam. The dehydrothiotoluidine 
is extracted from the residue with dilute hydrochloric acid, 
and then precipitated by adding caustic soda. It can be 
got free from primuline base by extraction with solvents 
or by distillation. M.p. 191° C., b.p. 434® C. 


Anthraquinone CeH 



CeH4. — ^This is invariably 


obtained by oxidizing anthracene with sodium dichromate 
and sulphuric acid, and considerable care is required in 
selecting a suitable quality of anthracene although this 
point is not so important if it is first purified with pjrridine. 
Some anthracene, especially that obtained from gasworks 
in which a mixture of ordinary coal and cannel coal is dis- 
tilled, is rich in paraffin, and if such an anthracene is used for 
making anthraquinone endless trouble will be encountered 
through filters choking. Commercial anthracene usually 
runs about 45 per cent., and this can be oxidized to anthxa- 
quinone by using only the calculated amount of bichromate, 
as under these circumstances the impurities are left un- 
affected. It is much better, however, to bring the crude 
anthracene up to 95 per cent, by washing with pyridine. 
In any case the anthracene must be got into a suitable 
physical condition, as it is not very readily attacked by 
aqueous dichromate. This is best done by volatilizing it 
with steam superheated to 300“ C. and then condensing by 
leading into a chamber with fine jets of water. The anthra- 
cene comes down as a sludge which is dewatered so as to 
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give a paste, but must not be dried. The oxidation is tlien 
carried out as follows : The anthracene paste is suspended 
in boiling water and kept well agitated while a solution of 
sodium bichromate containing 100 grams of bichromate g rid 
250-300 grams of sulphuric acid per litre is slowly run in. 
The addition must not be too rapid or excessive frothing will 
take place. When oxidation is complete the anthraquinone 
is filtered off and washed. If the anthracene has been puri- 
fied by washing with pyridine the authraquinone will be 
pure enough without further treatment ; but if made from 
crude anthracene it is usually necessary to heat it with 
2-3 parts of concentrated sulphuric acid at 130° C. The 
solution, without cooling, is then run into boiling water 
and the precipitated anthraquinone filtered off and wasiied. 
It is necessary to run the hot acid solution into boiling water 
in order to get the anthraquinone into a form that can be 
filtered. The spent chrome liquors from the oxidation of 
anthracene are concentrated and the chrome regenerated 
electrically.^^ 
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Pabt II.— the dyestuffs 
Sbotiok I.— the NITEOSO-DYES 


In these the nitroso-gronp is the chromophore. They axe 
of very minor importance and axe, without exception, 
mordant colours. They are^ all nitroso-phenols and are 
obtained by the action of nitrous acid on the phenols. The 
nitroso’-group enters the para-position if this is vacant, and 
the ortho-position if the para-position is occupied. The 
para-nitroso-phenols do not form lakes, and are useless as 
dyestuffs. 

Since the nitroso-phenols are identical with the quinone 
monoximes (obtained by the action of hydroxylamine on 
the quinones) they are to be regarded as exhibiting tauto- 
merism : ^ o 


OH II 



^-Nitroso-phenol Quinone nxonoxinie. 

The dyes are iisiially applied on an iron mordant and 
give rise to fast shades of green. The most important memher 
of the series is Fast Green O (dinitroso-resorcinol).® 


o 



NOH 

Other dyestnffs of this class are : — 

O NOH NOH 



Gambin Y. 


Gambin R. 


Dioxin. 



THE NITROSO-DYES 
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S 03 Na/\/\ /\/\S0aNa 

N— O— Fe— O— N 
Naphthol Gieen B. 


This last is obtained by the action of iron chloride on 
the uitroso-compound obtained from SchafEer’s acid. It is 
soluble in water and dyes from an acid bath. 

Gambin y (nitroso-/3-naphthol) is also placed on the 
market in the form of its water soluble sulphite ester : 


NO 



OSO«Na 


under the names of sulf amine and naphthine S. It gives 
very fast shades of green on an iron mordant, and finds 
considerable application in printing. 
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Section II.— THE NITRO-DYES 


The dyestuffs of this group contain the nitro-group as 
chromophore. They are the polynitro-derivatives of phenols 
or amines in which at least one nitro-group is in the 
ortho- ox para-position to the hydroxyl or * amino-group. 
They are aU acid dyes and as a rule occur in commerce as 
their sodium or ammonium salts. The acidity is probably 
due to the capacity of the o- and ;^-nitro-phenols of form- 
ing tautomeric nitrolic acids : — 


o NH 



Direct evidence of this tautomerism has been obtained 
by the isolation of two esters of ortho-nitro-phenol.^ One 
of these esters is coloured and labile, and is regarded as 
the ester of the flci-form of nitro-phenol. It passes into 
the colourless form which is stable and identical -viith o-nitro- 
anisole. As the salts of the nitro-phenols are always more 
highly coloured than the nitro-phenols themselves, it is 
probable that they are derived from the «c»-form, and 
therefore have the quinonoid structure. 

The ortho- and para-nitro amines also form highly 
coloured salts, and these are also probably derived from the 
nitrolic acid. Thus tetranitro-diphenylamine-o-sulphoxide 
is a yellow compound which dissolves in caustic soda to 
form a red sodium salt. On acidifying this solution the 
nitro-sulphoxide separates in a red form which rapidly 
passes into the yellow variety on heating.® 

The nitro-dyes were formerly very largely used for 
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colouring silk and wool yellow, but owing to their fugitive 
nature are now but little used. 

Picric acid (sym.-trinitro-phenol) is of interest as being 
the first dyestuff prepared in the laboratory. It was ob- 
tained by Welter in 1799 by the action of nitric acid on 
silk. It is now manufactured by the action of nitric acid 
on phenol sulphonic acid : — 


OH OH OH 



In carrying out the process the sulphonic acid is not 
actually isolated, nitric acid being added to the sulphonation 
mixture after it has been diluted to a suitable extent (cf. 
Naphthol Yellow S). A more modern process consists in 
first preparing dinitro-phenol from dinitrochlorbenzole and 
then nitrating this to picric acid. 

Although prepared on a very large scale in the explosives 
industry, picric acid is no longer used as a dyestuff owing 
to the very fugitive nature of the shades obtained. 

Martius yellow is the sodium or calcium salt of 2.4- 
dinitro-o-naphthol. It is prepared by the action of nitric 
acid on the corresponding naphthol disulphonic acid. 

Naphthol Yellow S is the most important nitro-dye. 
It is much faster than any other member of the group and 
is made by the action of nitric acid on a-naphthol-2.4.7- 
trisulphonic acid. The naphthol trisulphonic acid is not 
actually isolated, the process being carried out as follows. 
a-Naphthol is added to four parts of 25 per cent, oleum 
and heated to 125® C. until trisulphonation is complete, a 
little more oleum being added if necessary. The melt is 
then cooled and run on to ice (2J parts of ice to every 
part of oleum used) and the resulting solution filtered. 
The filtrate is then nitrated by heating to 50® C. with 
dilute nitric acid (sp.gr. 1420), allowing 2J parts of this 
acid to every part of a-naphthol. When nitration is com- 
plete the charge is allowed to stand over-night and the 
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dyestuff then filtered off, washed with brine, and collected. 
It forms an orange-yellow powder, which dyes silk and 
wool from an acid bath. 

Aurantia is syw.-hexanitro-diphenylamine.* It is pre- 
pared by condensing 2 . 4 -dinitro-i-dhIoro-benzene with aniline 
and then nitrating the resulting dinitro-diphenylamine. 
The commercial article is the ammonium salt, but the dye- 
stuff is no longer used. 
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Section III. — THE AZO-DYES 


This is the largest and most important class of dyes and com- 
prises all colouring matters containing the group ArN=NAr. 
It includes a few basic dyes, but the vast majority are acid 
dyes, a large number of which are substantative to cotton. 
The azohydrocarbons, e.g. azobenzene CoHaN^NCeHe, are 
coloured and give soluble coloured sulphonic acids but are 
of no value as dyestufis, as they are devoid of tinctorial 
properties. Affinity for the fibre is only obtained by the 
introduction of hydrosyl or amino groups, carboxyl and 
sulphonic acid groups not having this effect. The property 
of dyeing cotton without a mordant also depends on the 
structure, and this point is ftuther discussed on page 97. 
The azo dyes are invariably manufactured from two or more 
components, one of which must be a primary aromatic 
amine and the .otiiers phenols or primary, secondary or 
tertiary amines. 

When a primary aromatic amine is treated with nitrous 
acid (sodium nitrite and hydrochloric acid), a diazo salt is 
formed ; 

CeHaNHa-f-HNOa+HCl = C6H8N=N— CI+ 2 H 2 O 

These diazo salts under suitable conditions “ couple 
with phenols and amines with the production of oxyazo or 
amino-azo compounds : 

C6H6N=N.a-l-ArOH = CeHBN=N.ArOH-|-HCl 

These are usually insoluble and hence unsuitable for use as 
dyestuffs, but their' sulphonic acids dissolve easily and 
constitute the acid azo dyes. As almost all amines can be 
diazotized,* and as the diazo compounds thus obtained can 

• 'Whon both amino groups of a diamine ate simultaneously diazotized 
the process is spolcen of as " tetrazotizing." 
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be coupled witli almost all amines, phenols and napbtbols, 
the number of azo dyes that have been studied is very large. 
Byes containing only one azo group are known as monazo 
dyes, and those with two, three, four, five or six, as disazo, 
trisazo, tetrakisazo, pentakisazo and hexakisazo- dyes. 
The diazo compounds as a rule are very unstable, and 
decompose at or just above the ordinary temperature. 
Hence diazotization is usually carried out in the presence of 
ice and the resulting solution or suspension of the diazo salt 
at once coupled with the second component. One or two 
diazo compounds can be separated and rendered stable by 
special treatment, and are sold as such for the production 
of “ ice colours,” i.e. colours in which the dyestuff is developed 
on the fibre by first padding the material with a phenol and 
then treating it with a diazo compound. The best known 
of these is Azophor Red, which is obtained by evaporating a 
strongly acid solution of diazotized ^-nitraniline and then 
mixing with neutral salts. ^ Azophor Blue is tetrazotized 
dianisidine treated in a similar manner. ^ Nitrosamine Red 
is a paste obtained by treating diazotized ^-nitraniline 
with alkali. It is a sodium salt which gives the diazo 
chloride on treatment with hydrochloric acid.® 

Diazotization. — ^In most cases diazotization is an ex- 
tremely simple process, and is carried out by dissolving or 
suspending the amine in dilute hydrochloric acid and then 
slowly adding the calculated amount of sodium nitrite 
solution. It is carried out in circular vats made of oak or 
pitch pine with a capacity of 1000-2000 gallons and provided 
with an efficient wooden agitator. The process is usually 
carried out at a temperature of 5-10® C., the cooling being 
effected simply by the direct addition of crushed ice. The 
nitrite should be added slowly, and after the whole has been 
added the product should show a faint reaction with starch 
iodide paper. When diazotization is complete the contents 
of the vat are rrm iuto another vat containing the second 
component. When the coupling is complete the dyestuff 
is salted out with common salt, collected in filter presses, 
dried (usually at about 50° C.) and grotmd up. In the 
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manufactuic ol polyazo dyestuffs aftei tlie ffist coupling 
is complete it is frequently the case that the product has to 
be coupled with another component under different con- 
ditions, or the couple has to be diazotized and then sgaiu 
coupled. When this is the case it is not usual to isolate 
the intermediate compounds, but simply to run or pump 
the solution from vat to vat until all the steps are complete. 

Most diazo salts have a tendency to unite with primary 
amines to form diazoamino compounds : 

ArN=NCl-|-H2NAr = ArN=N— NHAr-|-HCl 

As this reaction does not take place readily in strongly 
acid solutions, excess of hydrochloric acid is always used 
in diazotizing, the usual proportion being 2^ molecules of 
hydrochloric acid for every molecule of sodium nitrite. If 
acetic acid is used about 40 molecules are required to render 
diazotization complete. 

In cases where the tendency to form aminoazo compounds 
is very great, e.g. ^-nitraniline, the nitrite solution must be 
added very quickly, so that the whole is diazotized before 
the diazochloride has time to unite with unchanged base. 

Insoluble or slightly soluble bases can be diazotized in 
suspension, but with sparingly soluble sulphonic acids it 
is frequently advantageous to dissolve them in alkali and 
then precipitate with excess of hydrochloric acid, as by this 
means they are more readily attacked by the nitrous acid. 

Aminonaphthols in which the amino- and hydroxyl 
groups are in the ortho- (1.2.) position to each other are 
oxidized by nitrous acid to the corresponding j 3 -naphtho- 
quinone. This oxidation, however, can be prevented by 
carrying out the diazotization in the presence of copper, 
mercury, zinc, iron, or nickel salts. ^ When this procedure 
is adopted only one equivalent of mineral acid is used, and 
in the case of an amino-naphthol sulphonic acid, no acid is 
used, the sulphonic acid liberating the nitrous acid. The 
amino naphthols can also be diazotized by replacing the 
mineral acid by acetic, oxalic, tartaric or phthalic acid. 

In the case of diamines it frequently happens that it is 
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wished to diazotize only one amino group. In some cases 
this can be done by employing only one molecule of nitrite, 
but as a rule one of the amino groups must first be protected 
by acetylation, e.g. ^-phenylenediamine and benzidine. In 
the case of benzidine, however, another method is avail- 
able, as if an equimolecular mixture of benzidine and tetrazo- 
tized benzidine is allowed to stand for three days, double 
decomposition takes place with the formation of benzidine 
diazochloride. Disazo dyes, derived from j&-phenylenedi- 
amme, with two different components, can also be obtained 
by coupling diazotized ^-nitraniline with one component 
and then reducing the nitro group by means of sodium 
sulphide and subsequently diazotizing and coupling with 
the other component. It is difficult, however, to avoid 
reducing the azo group. 

Some diamines, such as ?w-phenylenediamine, when 
diazotized couple so readily that diazo comxDounds can 
only be obtained by taking special precautions. Thus, if 
sodium nitrite is added to an acid solution of jM-i>henylene 
diamine, the tetrazo compound couples as soon as it is formed 
with two molecules of the unchanged diamine, the product 
in this case being the well-known dyestuff Bismarck Brown ; 



Tetrazotization can, however, be brought about by using 
a large excess of acid and adding the diamine to the nitrite.® 
‘’■^’benylenediamine cannot be diazotized as it forms 


azoiminobenzene ; ® 



Negative groups, such as nitro and sulphonic acid groups, 
when in the ortho- or para- position to amino groups fre- 
quently prevent diazotization. Thus in the compound 

Q NH, only the amino group at 4 can be diazotized. 

NOj After coupling, however, the remaining amino 
group is readily diazotized, and the same is 
the case if the amino group at 4 is acetylated. 
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111 tlie benzene series, as a rule, both ortho- and para- 
aiiiiuo azo compounds can be diazotized, but in the 
naphthalene series amino groups in the ortho position to 
an azo group are not attacked by nitrous acid. 

Coupling. — ^The coupling of a diazo compound with 
a phenol is brought about in alkaline solution, the diazo 
solution being run slowly into an alkaline solution of the 
phenol, the whole being kept well agitated. The reaction 
takes place rapidly, and is usually complete in a few minutes ; 
but the second component frequently unites very slowly 
with a tetrazotized base, and several days may elapse before 
coupling is complete. 

It is important to have sufficient alkali present so that 
an fllkftlifip leactiou is maintained after the whole of the 
diazo solution has been added; but great excess of alkali 
is to be avoided, as this converts the diazo salt into the 
inactive anti-form. 

The coupling with amines is brought about in neutral 
or faintly acid solution, and as it takes place readily in the 
presence of acetic acid the solution of the diazo compound 
and the amine can be mixed and sodium acetate then 
added until the whole is no longer acid to Congo paper. 
As a rule coupling takes place in the para- position to the 
hydroxyl or amino group, if this is free. If the para- position 
is occupied then coupling takes place in the ortho- position. 
If no para- or otho- position is free, as a rule no azo compound 
is formed, although in some cases the azo group replaces other 
substituents. 

The above rules are fairly general, but there are some 
important exceptions, of which the following are the most 
important ; — 

Benzene Senes.— ^-Oxybenzoic acid and ^-dimethyl amino 
benzoic acid couple in the para- position with elimination of 
carbon dioxide. 

Dimethyl-^-toluidme, ^-bromdimeth3daniline and p- 
dimethylamino benzene sulphonic acid will not couple. 

Naphthalene Senes.— -a-lSTaphthols containing nitro or 
sulphonic acid groups in the 3 or 5 positions coupjp in the 
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ortlio position. Otherwrise they couple in the para position, 
if this is free. j8-Naphthols couple only in the ortho-a- 
position. If this is occupied they do not couple. )S-Naphthol- 
6-sulphonic acid (Schaeffer's acid) couples very readily, 
whereas )8-naphthol-8-sulphonic acid (Crocein acid) couples 
with difficulty, so that negative substituents at 8 seem to 
have some hindering effect. 

As a rule naphthylamines couple easily and have little 
or no tendency to form diazoamino compounds. a-Naph- 
thylamine couples in the para- position when this is free, 
and in the ortho- position when it is occupied. )5-Naphthyl- 
amine couples only in the ortho-a- position, and if this is 
occupied no azo compound is formed. jS-Naphthylamine- 
6-8-disulphonic acid (amino acid G) does not couple or 
only couples with great difficult3', depending on the diazo 
compound. 

The case of the amino naphthols is more complicated, 
and Biilow divides them into three classes,’ viz. : — 

ft 

(1) Those which do not couple, viz. the stilphonic acids 

of 1.2 and z.T.aminonaphthols. 

(2) Those which couple in the same position whether in 

acid or alkahne solution. 

(3) Those which give isomeric ortho azo compounds, 

depending on whether coupled in acid or alkaline 

solution. 

The following formulae give the chief aminonaphthol 
sulphonic acids, the cross indicating the position of the 
entering azo group, " alk.” signifying that the coupling is 
carried out in alkaline solution, and " acid " in acid 
solution : 

OH NHs OH NHj OH NHj 

S alk. X X acid alk. X X acid 

S S S 

S X alk. or acid S H-Acid 

Aminonaphthol 
sulphonic acid S 
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OH 
alk. x| 


X acid 
iNHo 


SI 


X acid 

iNHs 


S| I 

Aminonaphthol 
sulphonio acid G 


alk. Xj I 
OH 
J-Acid. 


The following formulae give the coupling positions of the 
most important dioxy- and diamino-naphthalenes and their 
sulphonic acids : 


OH OH 


X X 


X 


X X 


OH 


HO 


OH HO 


OH 


OH 


HO OH 
X| 


OH OH NHa NHa 


X 


Chromotropic 

acid 


X 


X X 


NHa' 


INHj NH2I 


INH, 


S 

NHa X 


NHa 


X X 


X 


NHi 

X 


NHa NHa NHj 

x| lx 


vS 


Phenol yields a mono-, dis- and tris- azo compound. 
Salicylic acid yields a monoazo compound with great ease, 
and a disazo compound with didficulty. Polyhydric phenols 
yield polyazo compounds, and different isomers are obtained 
under different conditions as regards alkalinity, etc.® 

a-Naphthol gives a disazo compound, jS-naphthol only a 
monazo. Monamines as a rule give only monazo compounds. 

In some cases the azo group in one part of the molecule 
is capable of coupling with another part of the same mole- 
cule,® e.g.— , N 
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Colour and Constitution.— No definite laws are known 
governing the relation between tlie colour of an azo d3^e and 
its constitution, but certain generalities appear of which 
the following are the most important. 

Simple azo compormds containing only benzene nuclei 
are 3^ellow, brown or orange, and the colour deepens with 
increasing molecular weight, although carboxyl and sul- 
phonic groups have but little effect. 

Nitro groups have a considerable influence in deepening 
the colour, this effect being most marked when they are in 
the para i^osition to the azo group, and least marked when 
they are in the ortho position. 

Amino and hydroxyl groups deepen the colour, this 
effect being less marked when the3" are acylated, whereas 
alkylation frequently has the opposite effect, and in some 
cases the brightening of the colour on alkylation is remark- 
able. Alkoxy groups attached to the benzidine nucleus 
tend very strongly to produce blue and violet shades. 

Tetrazotized benzidine coupled with two benzene rings 
gives yellow dyes, with two naphthylene rings red dyes. 
When coupled with one benzene and one, naphthylene ring 
the colour is intermediate, viz. orange. 

Azo dyes derived from H-acid tend towards blue shades, 
whereas green shades are apparently only obtained when 
there is a nitro group in the molecule. 

There is a curious relationship between affinity for 
cotton and colour exhibited by benzidine dyes. All benzi- 
dine derivatives tliat give direct cotton colours, when tetrazo- 
tized and coupled with naphthylamine sulphonic acids give 
red dyes, and with naphthol sulphonic acids violet and blue 
dyes. On the other hand, benzidine derivatives not 3delding 
direct cotton colours, give yellow or orange shades when 
coupled with naphthylamine sulphonic acids, and red shades 
when coupled with naphthol sulphonic acids. 

Bisazo dyes of the general structure 

]i'.N=N— R— Ns=N— R" 

are red when R is a benzene ring, and black when a naph- 
thalene ring derived from o-naphthylamine. 
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Tlie orientation of the sulphonic acid groups in azo dyes 
is not without influence on the colour, although as a rule 
only sli^t differences in shade are produced. Thus, Orange 
IV. (sulphanilic acid-^dipheuylamine) is deeper coloured 
than the isomeric Metanil Yellow (metanilic acid-^ diphenyl- 
amine), and similarly in the naphtlialene series dyes derived 
from R-acid are redder than isomeric dyes derived from 
G-acid. 

Dianisidine gives the purest blue shades when coupled 
with i.8-dioxy- or i.8-aminoxy-naphthylene sulphonic acids ; 
but even benzidine gives blue shades with these acids, as do 
unsymmetrical dialkyl ji-phenylenediamines when coupled 
with sulphonated i.8-dioxy-naphthalenes. 

Direct Cotton Colours. — The relation between chemical 
constitution and affinity for cotton is not understood, but a 
considerable number of bases are known which give azo dyes 
which are substantative to cotton. As a general rule, these 
are of the natiure of para diamines, but there are important 
exceptions. XJnsaturation also seems to increase the affinity. 

The simplest base yielding direct cotton colours is 
^-phenylenediamine, and i..^- and x.5-diamiuo-naphthalene 
exhibit the same property as do also their sulphonic acids. 

^ 2 -Diaminodiphenylamine also yields direct cotton 
colours. 

The most important class of bases, how'ever, includes 
benzidine and its derivatives, and here we find curious 
exceptions. The following all yield disazo compounds, 
which are substantative to cotton : 


NH» 



Benzidine. 



NH» 

Tolidine. 


NHs 
6 


NH, 

''Nci 


{ 


OCH, 


\/Cl 

NH. NHj 

Dianisidine. Dicblorbenzidine. 


and in general all benzidine derivatives substituted in the 
ortho position to the amino groups. 

B 2. 


7 
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If, liowever, ilieie aie any substituents in llie ortUo 
position to tbe dipbenyl Hnkage, substantative dyes ate nol 
obtained. Thus, for example, when a sulphonic acid 
group is ortho to the amino group, substantative d3^es are 
formed, whereas when meta to the amino group they are 
not; and the same holds true with halogen atoms and 
methyl, methoxy and carboxyl groups, etc. 

Substituents in the ortho position to tlie diphenyl 
bond, however, do not hinder the formation of direct cotton 
colours if they form part of a ring, all the following bases 
giving substantative cotton dyes : 



Diaminoflnorene. Diaminocarbazole. Benzidine snlphone 

Diaminostilbene and its sulphonic acid both give direct 
cotton colours, as does also the analogous diaminoazo- 
benzene 



whereas the more saturated diaminodiphenyl methane and 
diaminodibenzyl do not. 

Diaminoazoxybenzole also gives direct cotton colours, 
although it is in no way a para diamine : 

NH* \q/ 
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These colours, however, are dyed, by a sp^ciStloriethod, 
viz. from a bath containing caustic, the goods 
an after-treatment with sulphuric acid. •“ '/u. . 

A large number of amino-ureas and amiuothio-ureas 
have been found to yield substantative azo dyes. The 
simplest of these are derived from ^-phenylenediamine : 



\nH— \nH— 


but more valuable dyes are obtained by using the correspond- 
ing derivatives of J-acid as a second component : 



These dyes can be obtained either by coupling the urea 
with a diazo salt, or J-acid itself can be converted into 
an azo dye and the urea then formed by treatment with 
carbonyl or thiocarbonyl chloride. They are most valuable 
colours, most of the benzo fast scarlets belonging to this 
group. 

J-acid itself gives substantative dyes, and this property 
is more strongly marked in phenyl J-acid, w-aminobenzoyl 
J-acid, and the compounds obtained by coupling two 
molecules of J-acid by means of ethylene chloride or chlor- 
acetyl chloride • 



Constitution of the Azo-dyes. — ^The formula for the 
azo-dyes can be written either in the azo or the quinonoid 
form, 6.g. : 
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HO— N=NAi 

0=<^~^=N— NHAr 

OH 

0 

R— N=NAr 

II 

R— ^=N— NHAr 

N=NAr 

HN= NHAr 

NH, 

1 

NH 

II 

R<;^^— N=NAr 

II 

R— NI-lAr 


Azo iorm. Quinonojcl fonn. 


Tlie qtimoid structure receives support, at least iu so 
fat as ortho azo compounds are concerned, by the fact 
that o-oxy azo compounds do not form salts, and as a rule 
the amino group in o-amino azo compounds cannot be diazo- 
tized, and according to some authorities this quinonoid 
structure is supported by spectroscopic evidence. 

On the other hand, the ease with which the azo group is 
split by reduction with the production of an amino compoimd 
rather points to the azo structure. 

The question, which is chiefly of academic interest, 
cannot be said to be settled, and in all probability the truth 
will be found to lie in tautomerism. 

In the following pages the azo notation is always employed 
as it is the usual one, and renders the formation of the 
compounds under consideration more clear. 

Basic Azo Dybs. 

The number of these is limited and although still used 
to a certain extent their interest is historical rather than 
practical. 

The simplest is aniline yellow (aminoazobenzene) which 
is interesting as the first azo dye discovered. It is manu- 
factured by heatup diazoaminobenzene with exce ss of 
aniline, or directly from aniline by treating the hydro- 
chloride in the presence of excess of aniline with a concen- 
trated solution of sodium nitrite at 40“ C. It is not used 
as a dyestuff, but only as an intermediate compound. 
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Chrysoidine is prepared by coupling one molecule of 
diazobenzene chloride with w-phenylenediamine. It gives 
bright yellow shades, but they are not fast. As crysoidine 
absorbs the chemically active rays it finds application in 
making “ safe ” lights for photographic dark rooms. Bis- 
marck brown is a mixture of a monazo and a disazo 
compoimd, and is obtained when sodium nitrite is added to 
acid solutions of wi-phenylenediamine, the diazotized and 
tetrazotized base coupUng as soon as formed. The con- 
stituents therefore have the composition : 


NH„ 


N=n/\ 

Vnh, 


and 



Acm, Mordant and Arterchrome Azo Dyes. 

All these contain one or more sulphonic acid groups. 

Oxyazo dyes, of whicli one of the constituents is an ortho 
hydroxyl carboxylic acid, such as salicylic acid, form lakes 
with metallic salts, and hence are often dyed on mordanted 
fibre, as the colours are more fast than when no mordant 
is used. 

Other oxyazo dyes have the property of forming lakes 
with chromitun after they have been taken up by the fibre. 
These are dyed in the ordinary way without a mordant, 
the yam being subsequently treated with potassium bi- 
chromate or chromium fiuoride solution (after-chroming).* 
This after-treatment greatly enhances the fastness of the 
colomr, but as a rule completely changes it, reds frequently 
being changed to blue or black. The property of after- 
chroming seems to be confined to ortho-oxyazo compounds, 
and is particularly marked when an orthoaminophenol, an 
orthoaminonaphthol or chromotropic acid is one of the 
constituents. 

A third class of colours is known in which the chroming 
and dyeing take place simultaneously, ammonium bichro- 
mate being added to the dyebath. These are known as 
• Seo Whittaker, "Dyeing with Coal Tar DyestvuBEs,” this seriee, p. 54. 
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aiitoclirome or metachrome colours to distinguish them 
from afterchrome colours, and are mostly derived from 
picraminic acid or o-aminophenol. 

The number of azo colours is very large, over a thousand 
being articles of commerce, and the following arc merely 
a few typical examples. A full list will be found in Schultz, 
“ FarbstofEtabellen,” together with notes on their prepara- 
tion and chief tinctorial properties. 

The notation employed is very simple, and is almost 
self-explanatory. The base mentioned first is the base 
which is diazotized and arrows point to the bases or phenols 
with which it is coupled, the words ‘ ‘ alk. ’ ’ and ‘ ' acid ’ ’ denot- 
ing, when necessary, whether the coupling is carried out in 
acid or alkali-ne solution. If the product is further diazo- 
tized and coupled, this is notified in the same way by an 
arrow pointing in the same direction. On the other hand, 
if it is coupled with a diazo salt, this is shown by an arrow 
poittting in the opposite direction. 


Orange 1 

Orange II 

Methyl Orange 
Fast Red A 
Naphthylamine Brown 
Chromotrope 2R . . 
Chromotrope 2B . , 
Chromotrope 8B . . 
Lanazyl Violet 
Lanazyl Blue 
Chrome Yellow D . . 
Alizarine Yellow GGW 
Biebrich Scarlet 

Crocein Scarlet 
Resorcin Brown 

Fast Brown G 

Naphthol Blue Black 
Naphthol Black 

Diamine Yellow N 

Benzo Orange R . . 


. . Sulphanihc Acid a-Naphthol 

. . Sulphanihc Acid jS-Naphthol 

, . Sulphonxlic Acid Dimethyl Aniline 

. , Naphthionic Acid — > Phenol 
. . Naphthionic Acid a-Naphtliol 
. . Aniline Chromotropic Acid 
. . /^*Nitramlme Chromotropic Acid 
. . Naphthionic Acid ^ Chromotropic Acid 
. . H-Acid Ethyl a^Naphthylamme 
. . H-Acid -*>1.5 Aminonaphthol 
. . BrSnner )3-Acid ^ Salicylic Acid 
. . w-Nitraniline— ^ Salicyhc Acid 
. . Ammoazobenzene disulplionic Acid ^ j9-naph- 
thol 


. . Aminobenzene sulphonic Acid— > Crocein Acid 
Xyhdme _ , , 

' ‘ Suiphanilic Acid ^ Resorcinol 
Sulphanihc Acid ^ , 

■■ Suiphanilic 

^Nitraniline __ . , 

• ^line >H-Acid 


. , Amino G Acid — > a-Naphthylomine — ^ Amino 
R^Acid 


.. Bcnzidene 
.. Benzidine 


^ Phenol (subsequently ethylated) 
Salicylic Acid 
^ Salicylic Acid 
Naphthionic Acid 
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Diamine Fast Red . . 
Congo Red . . 
Benzopurpurine 
Congo Corinth 
Azo Violet . . 

Benzo Indigo Blue 

Columbia Black 

Diamine Green G . . 
Congo Brown G 
Sulphazurine 

Brilliant Yellow . . 
Chrysophenine 

St. Dennis Red 


Salmon Red 

Cotton Yellow G . . 
Brilliant Benzo Fast Violet 

Cotton Yellow 


lo;-] 

j Salicylic Acid (coupled first) 

Nitrobenzidme NeviUe and Winter’s Acid 

^ Naphthionic Acid 
Benzidine ^ Naphthionic Acid 

^ Naphthionic Acid 
iohdine*^ Acid 

Naphthionic Acid 

iolidme Neville and Winters Acid 
■ 7- Naphthionic Acid 

■ i^ianisidme Neville and Winter’s Acid 

^ a-Naphthylamine i .8 - Dioxy- 
. Benzidine C naphthalene-4-sulphonic Acid 
^ 1.8 - Dioxynaphthalene - 4 - sul - 
phonic Acid 

3.8- Aminonaphthol-3. 6 -disulphonic Acid 
alk. ^ 

. Tolidine ^^j.Xoluylenediaminc 

1 .8- Aminonaphthol-3“6“disulphonic Acid 

alk. ^ ^ 

. Benzidine C p-nitramlme 

^ Salicylic Acid 

_ ... ^ Resorcinol Sulphanilic Acid 

■ ^^^2idine ^ Salicylic Acid 

^ Phenyl-) 8 -naphthyl- 
. Benzidine sulphone ^ amine 

disulphonic Acid Phenyh^-naphthyl- 
amine 

, Diamino stilbene ^ Phenol 
disulphonic Acid Phenol 
. Brilliant yellow with both hydroxyl groups 
ethylated 

Neville and Winter’s 
Acid 

. Salicylic Acid 

, Diammodiphenyl 

Diaminodiphenyl urea ^ y-Acid 

disulphonic Acid Phenyl-J-Acid ^ 

, ^ Salicylic Acid 

#>i-Diammodiphen.yl urea salicylic Acid 


INGRAINE OR ICE COLOURS. 

Azo dyes which do not contain sulphonic acid groups are 
insoluble in water, and hence cannot be used in the ordinary 
way. They can, however, be formed on the fibre by treating 
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These navy blue shades are due to the formation of a tetra- 
kisazo dye 

Benzidine ^ «-acid ^-naphthol 
iienziame ^ ^-naplithol 


which is too insoluble to be used as such. 

In the above case if ?ra-toluylenediamine is substituted 
for j8-naphthol, jet black shades are obtained. 

Another example of a developed colour is Diamine 
Orange N. In this case the material is dyed with 


Tolidine-^ w-toluylenediamine sulphonic acid 
^ o-cresotinic acid 


and then developed with ^-nitrodiazobenzene, the dyestuff 
formed being 

, , ^ wj-toluyleuediamine sulphonic acid 

o 1 me o-cresotinic acid <s-;^-nitraniline 


Diamine green is applied in a similar way, the material 
first being dyed with 


acid 

Benzidine \ 


K acid 
Salicylic acid 


and developed with ^-nitrodiazobenzene. 

Primulines are widely applied by tliis method (sec p. 108). 


STitBENE Dyes. 

When ^-nitrotoluol-o-sulphonic acid is heated with 
caustic soda solution fast yellow dyes are obtained, which, 
according to Green and his co-workers,^* must be classed 
as azo dyes. The shade varies according to the tempe- 
rature and duration of the treatment, and according to the 
concentration of the alkali, but the following gives some 
idea of the general conditions employed. 

Stm ydiow, Curcumin S.^®— One part of sodium nitro- 
toluol sulphonate is dissolved in 3 parts of boiling water 
and 3 parts of caustic soda solution of 30 per cent, strength, 
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older metiiod consists in condensing dioxytartaric acid 
with phenylh5’'drazine sulphonic acid ; 


COOH 

i==iOHajN— NCsIIjSOjH 


SOaHC.H,NH— NiHs6i= C 


Hi 


COjOH 


V 

COOH COOH 

^C==N /d r~N 

SOaHCsH^NH— N=C | or SOaHC„HiN=N— C [ 

"^CO— N— CoHtSOaH '^'COH— NCeHiSOsH 

Tartrazine. 


A more modern method consists in condensing one 
molecule of phenylhydrazine sulphonic acid with oxalacetic 
ester and then coupling the product with diazotized sitl- 
phanilic acid, the ester thus formed being subsequently- 
hydrolysed : 


COOEt 


COOEt 


C=iOH2iN— N— CflHiSOsH 

C N 

•r-H i - > 

(^H, 1 > 

CHa COiOEtj 

\C0— NCjH^SOaH 

COOEt 

COOEt 


/ 


U 


■N 


< ' 


S03HCcH4N=N-€H 


\C0— NCflH.SOsH 


SOaHCeHAN 




i-,.. 


■N 


Tartrazine Ester. 


V:OH— N 




'JCartrazine has no affinity for cotton, but dyes wool 
in beautiful yellow shades, which are remarkably fast to 
light. 

Other dyes containing the pyrazolone ring have been 
placed on the market, but they are of no great importance. 
They are all prepared by coupling diazo Salts with pyra- 
zolones.®^ 
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Cotton Yellow R . . , . Primuline Salicylic Acid. 

Rosoplienine SG . . . . Primuline Neville and Winter's Acid. 

Alkali Brown .. Primuline-^w-Plienylene diamine. 


Clayton yellow is derived from dehydrothiotoluidine 
sxtlphonic acid by diazotizing one molecule and coupling it 
with another. It is a diazo amino compound and is the poly- 
snlphonic acid of 


CH./\ 


C.H*— N=N— NH— 


The dyestuff makes a useful indicator, as although it is 
turned red by caixstic alkali, it is almost unaffected by soda, 
ammonia, phenolates, and naphtholates. 

In addition to this one or two true azo compounds are 
derived from dehydrothiotoluidine. Thus Diamine Pink is 
obtained when diazotized dehydrothiotoluidine is coupled 
with i.8-chloronaphthol-3*6-disulphonic acid, and other 
similar dyes are obtained from dehydrotliioxylidine. 


An interesting series of thiazole dyes have been prepared 
by condensing wj-nitrobenzaldehyde with 2-amino-5-oxy- 
naphthalene-7-sulphomc acid and subsequent treatment of 
the resulting azomethine with sodium sulphide and sulphur. 



This gives red azo dyes when coupled with diazo compounds 
which when diazotized on the fibre and developed form very 
fast red shades, e.g. Diazo Brilliant Scarlet.®* 

One or two thiazole dyes may conveniently be mentioned 
here, although they contain no azo group. 

Mimosa . — This is a yellow dye obtained by treating 
diazotized primuline with ammonia. 



Section IV.— THE DIPHENYLMETHANE 
DYES 


This is not an important class of colouring matter, but 
one or two numbers are worthy of notice. The simplest of 
these is auramine O, which was originally obtained by 
heating Michler’s keton^ with zinc and ammonium chlorides 
to 150° C. : ^ but a better process consists in heating the 
ketone with sulphur and sodium and ammonium chlorides 
in a stream of ammonia gas.® Probaoly the thioketone is 
first formed, the sulphur atom then being displaced by an 
imino group : 


NMe. NMe. NMe. NMeXl 



The corresponding o-toluidine derivative is auramine G.® 
Both dye yellow on a tannin mordant, but as they are 
readily decomposed by boiling water must be dyed at a low 
temperature. 

One or two diphenyl methane derivatives containing the 
p3uronine ring have also found application. The most 
important of these is p3rronine G.* This is prepared by 
condensing dimethyl-w-aminophenol with formaldehyde and 
subsequent oxidation of the leuco base thus obtained : 
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, , /iOH HiO\ 
MejNi^ Y Y \ 




iH 


H 

O 

-H 

CHa 


/ 


u 


Me. 




NMe. 


,NMea 


MeoN 


CHa 


O 

/\J\/ 

CH 




The coTTesponcling etliyl compound is pyxonine B. 

An interesting dj^estuif, rhodoamine S,® is obtained by 
substituting succinic anhydride for formaldehjrie : 


/\ /\ y\ ^NMe.Cl 

“”" 0 C 0 


.1 


Ha— CH3COOH 


Other dyestuffs containing the pyronine ring are mostly 
derivatives of triphenylmethane and are treated in the 
next section. 


REFEERNCES ANT) LITERATURE, 

1 D.R.P. 29,060. 

> D.R.P. 53.614. 58.277- 
a D.R.P. 67,478. 

^ D.R.P. 58,955. 50,033. 

» I>.R.P. 5^,983. 



Section V.-~THE 1’RIPHENYL METHANE 

DYES 


These are all amino- or oxy- rlerivatives of tripheuyl 
methane and may be divided into four groups as follows : — 

I. Malachite Green group, derived from ^g-diaraino tri- 
phenyl methane. 

3. h'uchsine or Rosaniline group, derived from /ij-triamiuo 
triphenyl methane. 

3. The Rosolic acids, derived from /j;)-trioxylripheni-l 

methane. 

4. The Phthaldns, Rhodamincs and Pyroniucs, derived 

from dioxy or dianiino triphcnj’l urethane carboxylic 
acid. 


An alternative classihcation is to divide them into 
luchsoncs and fuchsonimines according to whether they are 
derived from oxy or amino triphenyl methane. 


r>]i_c— I’h 

i’ll— (.i— .i>ji 

II 

II 



u 


II 

II 

0 

Nil 


Fuclisoniiiiim* 


Technically the malachite greens and ro-sanilines are the 
most important. 

The triphenylmethanc dyes arc remarkable for the 
brightness of their shades. The nnsulphonated dyes are 
basic colours, the sulphonated members acid colours. 


I. Thi-; Malachite Green Group. 

When />-amino tripheuylmetliaue is oxidiacd t he cor- 
responding carbinolc is formed. This is a colourless 

. R2. n 
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compound but is tuistable, and in the presence of acids 
splits out water and passes into the highly coloured quinonoid 
compound, the dyestuff : 

^ p .C.H.=NMe.a 

|\c,HtNMea lN:,H*NMes ^CeHiNMe.. 

H OH 


If this dyestuff is treated with alkali, the corresponding 
highly coloured and ionized ammonium base is formed. 
On standing, however, the colour fades and the electrical con- 
ductivity falls and the ammonium base passes into the 
colourless and non-ionized carbinol : ^ 

XjHi=NMeijOH -CetliNMe.. 

piicr — > Phcc 

\C11H4NMe2 1 \C6H4NMe» 

OH 


On reduction the dyestuff passes into the triphenyl methane 
derivative, which must therefore be regarded as its leuco 
compound. 

The malachite green dyes can be prepared by condensing 
benzotrichloride with an aromatic amine having a free 
para position : ^ 

Cl Cl 

k iCl""HiC,H4NMea 1 X,H4NMe2 

i i > PhC< 

iCl H:C,H4NMe. \c,H4NMea 


This process, however, is out of date, the dyes now being 
manufactured by condensing an aromatic aldehyde (benzal- 
dehyde) with an aromatic amine, condensation taking place 
in the para position to the amino group.® The leuco com- 
pound thus formed is oxidized to the carbinol (usually with 
lead dioxide) and this converted into the dyestuff by treat- 
ment with hydrochloric acid : 


PhCH: 


! HiC,H4NMe, 

jO i 

I HpoHiNMeji 


PliCH<^ 


.CjHiNMej 

■CgHiiraiej 


Various agents have been proposed from time to time 
for bringing about the condensation, but anhydrous zinc 
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chloride gives the best results. The aldehyde and the base 
in calculated quantities are stirred together in a steam- 
heated vessel, and the zinc chloride added slowly, the weight 
of chloride used being about the same as that of the aldehyde. 
Ihe temperature of the melt is maintained at 90-110° C. 
for about two days, and then any unchanged aldehyde 
and/or base blown off by steam. The carbinol is then 
liltered off from the zinc chloride solution, washed, dissolved 
in dilute hydrochloric acid and oxidized with lead dioxide. 
After precipitating tire dissolved lead with the calculated 
quantity of sodium sulphate the dyestuff is salted out, 
often as its zinc chloride double salt, by adding common 
salt and zinc chloride. 

The simplest member of this group is Doebner’s violet, 
prepared from benzaldehyde and aniline, but it is of no 
technical value. Far tlie most important member is 
malachite green itself, which is prepared from benzaldehyde 
and dimethyl aniline. Its dichloro- derivative, obtained from 
dichlor benzaldehyde, has been placed on the market as 
Victoria green. The corresponding ethyl compound , obtained 
from benzaldehyde and diethyl aniline, has fotmd some 
application under the name of brilliant green. 

Acid MalacMte Green Dyes . — ^The sulphonated malachite 
green dyes have found application as acid wool colours. They 
can be obtained by condensing an aromatic aldehyde with a 
.sulphonated base, or by sulphonating the leuco compound, 
duo of the best-known of these sulphonated colom's is Patent 
Xilue V."* This is manufactured by condensing w-oxybenz- 
aldchyde with diethyl aniline, and then treating the leuco 
compound thus formed with oleum at the ordinary tempe- 
rature until a sample is completely soluble in water. The 
sulphonated leuco base thus obtained is oxidized to the 
dyestuff in the usual way. As the dyestuff contains both 
acid and basic groups, internal salt formation takes place : 



liO COAL TAR DYES AND INTERMEDIATES 


Auotlier process by wliicli tliis dyestull is mauufactured 
consists in condensing w-nitrobenzaldebyde with diethyl 
aniline and then reducing the nitro group to an amino 
group. The amino group is then replaced by hydroxyl 
by the diazo reaction and the leuco base sulphonated as 
before. 

A few dyes have been prepared which belong to the 
malachite green group and at the same time contain an azo 
group. They are not of great importance, but azo green is 
worth mentioning. This is , prepared by condensing m- 
uitrobenzaldehyde with dimethyl aniline and then reducing 
the nitro group. The amino leuco base is then diazotized 
and coupled with salicylic acid in the usual way. The 
product dyes green on a chrome mordant, but the shades arc 
very loose to soap. 

2. The Fuchsine or Rosanieine Group. 

The simplest and best known member of this group is 
fuchsine or rosaniline itself, the constitution of which was 
demonstrated by E. and O. Fischer in the following manner.® 

Rosaniline when reduced gives a colourless compound 
(paraleucaniline) which when diazotized and reduced by 
boiling with alcohol gives triphenylmethane. 

On the other hand, triphenylmethane gives a trinitro 
compound which on oxidation gives a carbinol which passes 
on reducing the nitco groups into pararosaniline. Obviously 
paraleucaniline is a triamino triphenyl methane, but the 
position of the amino groups is uncertain. 

Now when benzaldehyde is condensed with aniUne a 
diamino triphenyl methane is obtained, which yields a dioxy 
derivative when the andno groups are replaced by hydroxyl 
by the diazo reaction. This dioxy derivative gives 
dioxybenzophenone when fused with alkali, and hence the 
amino groups in the diamino triphenyl methane must both 
have been in the para position to the methane carbon atom. 

Again, ;^-nitrobenzaldehydc condenses with aniline to 
form a nitrodiamino triphenyl methane in which wc are 
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arc present in about equal quantities. It is not customari’ 
to use pure nitrobenzole lor the oxidation, as it is more 
economical to emploj’^ the mixture of nitrobenzole and 
nitrotoluoles used in making aniline oil for red. 

The process is carried out in a cast-iron kettle provided 
with a reflux condenser and an efficient agitator and heated 
by direct fire, gas fiiiiig being usually employed. The 
bases, or mixture of bases with the dry hydrochlorides, 
are well agitated with half their weight of nitrobenzole 
and heated to 190° C. The iron turnings are then slowly 
fed in and the agitation and temperature maintained until 
a sample on being withdrawn sets solid, which is usually 
the case after 10-12 hours. When the oxidation is complete 
the melt is run out into shallow iron tra3re and allowed to 
cool. It is then broken up, dissolved in water and un- 
changed nitrobenzole and bases blown oil with steam, 
after which the grosser insoluble impurities are allowed 
to settle and the supernatant liquor drawn off and filtered. 
The filtrate on cooling first deposits a certain amomit of a 
violet colouring matter, and this is removed by filtration before 
the main bulk of the magenta is allowed to separate. The 
separation of the magenta either takes place on simple 
cooling, or a certain amount of salt is added to the solution 
to render the dye less soluble. It is finally recrystallized 
from water containing some hydrochloric acid, 

{&) The New Fuchsine Process . — Wlren formaldehyde 
reacts with a primary aromatic base, such as aniline, conden- 
sation takes place with the elimination of w'ater, anhydro- 
rormaldehyde aniline being produced : 

HgC^O+HaNCeHa = CHg^^NCeHa 

If this is heated to 100“ C. with aniline hydrochloride in 
aniline solution for some hours, condensation takes place, 
together with intramolecular rearrangement and ;^2-diamino- 
diphenylmethane is formed : 

CHa==NCeHB+CeH8NH2 =» (NHaC8H4)2CH2 
and this on heating to a higher temperature with aniline 
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/CHs 

C H ISf'^TT 

3CeH5N(CH3)2-l-30 - + 3 H 2 O 

^(C6H6N(CH3)2)2 

Methyl Violet. 

The oxidation is brought about by heating to 40-60° C. 
with cupric chloride, or a mixture of cupric nitrate or sul- 
phate and common salt, in the presence of acetic acid or 
phenol, the copper being subsequently precipitated by the 
addition of sodium sulphide. 

Wlien methyl violet is boiled with beirzyl chloride and 
alkali in alcoholic solution, benzyl pentamethyl rosanilinc 
is formed.^® This dyes in rather bluer shades than methyl 
violet, and finds application under the name of methyl 
violet 6B. 

When rosaniline is methylated by treatment with 
methyl chloride, not more than three methyl groups can be 
introduced, but a hexamethyl rosaniline can be prepared 
by indirect methods, and this hexamethyl compound 
occvirs in commerce as crystal violet. It is manufactured 
from dimethyl aniline by the phosgene process, or by con- 
densing tetramethyl diaminobenzhydrol with dimethyl- 
aniline in the presence of concentrated sulphuric acid at 
300° C. After neutralizing the acid the excess of dimethyl 
aniline is blown off by steam, and the leuco base oxidized 
with lead dioxide in the usual way : 

(Me2NCoH4)sCH|OH’'HiC6H4NMe2-»(Me2NC6H4)sCH 

Leuco Crystal Violet. 

As stated on page 117 hexamethyl rosaniline is capable 
of uniting with a seventh molecule of methyl chloride to 
give a quaternary ammonium salt. The manufacture is 
carried out by heating methyl violet base in alcoholic 
solution in an autoclave to 93° then pumping in 

methyl chloride, alkali being simultaneously added so as 
to keep the solution neutral. The resulting dyestuff is 
used for dyeing silk green under the name of methyl green.^* 

Ethyl derivatives corresponding to the above polymethyl 
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rosanilines havo also been prejiarecl, bnt do nol eall I'or 
special notice. 

Acid Triphenylmethanc Dyes . — Acid dyestuffs arc obi ained 
from magenta and its derivatives by the introduction of 
snlphonic acid groups. Magenta itself on treatment with 
four parts of 20 per cent, oleum at 120-170° C. jaelds a 
trisulphonic acid known as acid magenta.^® When sul- 
phonation is complete the melt is dissolved in water, 
limed out, and the calcium salt of the dyc.stuff converted 
into the sodimn salt by double decomposition with sodium 
carbonate. The sulphonation products of methyl and 
crystal violet are of no value as dyestuffs, but valuable acid 
dyes are obtained by sulphonating phenyl and tolyl ros- 
anilines. These phenyl and tolyl rosanilincs are too insoluble 
in water to be used as dyestuffs although they can be applied 
in alcoholic solution, but their sulphonic acids are rcadih- 
soluble and have been used to a considerable extent.*® 

The unsulphonated bases are manufactured by heating 
rosaniline with aniline or toluidine in the presence of an 
organic acid or a salt of an organic acid. The part played 
by the organic acid is purely catalytic, and when the reaction 
is finished the acid can be recovered unchanged. Techni- 
cally, acetic acid and benzoic acids are the only ones used, 
but salicylic, stearic and oleic acids function in a similar 
way. Dicarboxylic acids, on the other hand, do not seem to 
have the same effect. 

The most important of these arylrosanilines is the tri- 
phenyl derivative, usually known as aniline blue, spirit 
soluble, or spirit blue. In its manufacture 25 parts of rosani- 
line and two parts of benzoic acid are heated to 180° C. with 
250 parts of aniline. One part of benzoic acid is then slowly 
added, the temperature being maintained at 180° C. and 
the melt well agitated. Torrents of ammonia gas are 
evolved and after about 8—9 hours the condensation is 
complete. The melt is then allowed to cool, and when cold 
emptied into sufiScieut hydrochloric acid to dissolve the 
aniline and precipitate the dyestuff as its insoluble hydro- 
chloride. In order to obtain pure blue shades almost 
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cliemicall}’- pure aniline, free from toluidine, must be used. 
Such qualities of aniline ate linown in commerce as “ani- 
line or blue.” 

On treating aniline blue with ten parts of concentrated 
sulphuric acid at 35® C. it is converted into a monosul- 
phonic acid, which is easily isolated by simply running the 
melt into water, as the free acid is insoluble. The sodium 
salt, however, dissolves readily, and is used for wool and 
silk under the name of Nicholson’s blue or alkali blue. 

Sulphonation at 100° C. leads to a trisulphonic acid 
(water blue) which is used for dyeing cotton on a tannin or 
tin mordant. 

Diphenyl naphthyl methanes have been obtained by 
methods similar to those used in the manufacture of triphenyl 
methanes. Thus, Michler’s ketone condenses with phenyl- 
a-naphthylamine to form Victoria blue, and with ^-tolyl- 
a-naphthylamine to form night blue. This latter forms 
insoluble compounds with certain dyes and is used in their 
estimation. 


3. Aueines or Rosowc Actds. 


The aurines or rosolic acids are the hydroxjd analogues 
of rosaniline : 


(H0CeH4)2=C=/_>=0 


Pararosolic Acid. 


They can be manufactured by condensing formaldehyde 
with phenols in a manner exactly analogous to the new 
fuchsine process, or by condensing phenols with oxalic 
acid in the presence of sulphuric acid, the decomposition 
of the oxalic acid fiunishing the methane carbon atom.^’ 
They have but little afSnity for the fibre and are almost 
useless as dyestuffs, although some of their lakes were at 
one time used for colouring paper. 

About the most important is chrome violet R, obtained 
by condensing formaldehyde with salicylic acid, the leuco 
compound of which is regarded as trioxytriphenyl methane 
tricarboxylic acid. 
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Tlic coiideusatiou of pMhalic anhydride with resorcinol 
can be brought about suuply by heating the two together 
for some hours to 180-300“ C., but takes place more readily 
in the presence of a condensing agent such as zinc cliloride 
or sulphuric acid. 

Fluorescein itself is scarcely used as a dyestuff, although 
its sodium salt occurs tmder the name uranine, but its 
brotno and iodo substitution products meet with considerable 
application. The tetrabrorainated product is cosine, the 
bromhiation being brought about at the ordinary tempera- 
ture in aqueous or alcoholic solution. 

Diiodo and tetraiodo fluoresceins are obtained when 
fluorescein is dissolved in dilute caustic soda and treated 
with the calculated amount of iodine in the same solvent. 
They find application for photographic purposes under the 
name of erythrosine. 

Phloxine is tetrabromdichlorfluoresceine, prepared by 
condensing dichlorphthalic acid with resorcinol and then 
brorainating, and Rose Bengal is the corresponding tetraiodo 
compound. 

Nitrobrorao fluoresceins have also been described. 

Two important colours also belonging to this class are 
galleine and cceruldne, which are derived from pyrogaUol.®^ 
The condensation is brought about by heating phthalic 
anhydride and gallic or pyrogallic acid and sulphuric acid to 
200® 0 . : 



j^COOH 

GdUcxuc. 
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Cjr^dne produces red-violet shades on a chrome mordant 
and hnds considerable application in printing. On further 
eating with 20 parts of concentrated sulphuric acid it 
loses a molecule of water, forming coeruleme : 


HO 


OH O OH 


C 

6 




1-CO 


olive-green shades on a chrome mordant, 
ihe rhodamines are the amino analogues of fluoresceiue, 
and are derived from »i-aminophenol. 'Xhey arc raanu- 
actured by condensing phthalic anhydride with dimethyl 
t)r diethyl-Mi-aminophenol : *3 

> f 

1^— COOli 
Khodaminc B. 


‘.ICjN/ 



or by replacing the hydroxyl groups in iiuoresceine by 
chlorine by means of phosphorus chloride and then heating 
the fluoresceine chloride thus produced with alkylamines. 
The former process is the more convenient, and is carried 
out by heating 10 parts of dimethyl-w-amino phenol with 12 
parts of phthalic anliydride for five hours at 170® C. out of 
contact with the air. On cooling the melt sets solid, and 
consists chiefly of the phthalate of the dye base. This is 
too insoluble for use as a dyestuff, and must be converted 
into the more readily soluble chloride, sulphate, or oxalate. 
This can be done by digesting with cold aqueous ammonia, 
and then extracting the free base with benzole or other 
solvent, the chloride being subsequently obtained from the 


Section VI.— THE INDAM INES AND 
INDOPHENOLS 


These are all derivatives of quiuone imides or quiuone 
diiniides, the indophenols differing from the indamines by 
containing two amino- and one phenolic residue, whereas 
the indamines contain three amino residues. 

Both series of compounds are capable of tautomerisin : 




NMe2Cl 


a f'l ^ 


\ 

O NMCjCl 

ladophenol. 


/^\/\ 


u 


\ 

NHs NMejHCl 
Indamine. 




JMli 


and both on reduction pass into soluble /6’MC(;-couipouuds 
which are readily oxidized back to the dyestuff by atmo- 
spheric oxygen : 



:«wo-Indophenol. ^owco-Iadamine. 


As will be seen, these /fi«<co-compounds are dianiino-, 
dioxy-, or amino-oxy-diphenylamines, and it is notable 
that they cannot be oxidized to the corresponding quino- 
noid compounds unless there is a hydroxyl or an ardno- 
group in ^ both para-positions with reference to the di- 
phenylamine nitrogen atom. Thus neither of the compounds 
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gives an iiidamine 011 oxidation. 

1 he indamiiies and indophenols are iusoltiblc substances, 
and hence this property of giving soluble reduction products 
can be made use of in dyeing with them, the dyeing being 
carried out in a hydrosulptiite vat and the fabric subse- 
quently exposed to the air, exactly as is done in the case 
of the indigoid and anthraquinonoid vat dyes. 

All the indaraines and indophenols are either green or 
blue in colour, but the shades obtained are very loose as 
the dyes are rather unstable and in the ijresence of acids 
readily decompose into the quinone and the diamine : 



The indamiiies and the indophenols can be prepared 
by two methods, viz. — 

I. A quinone imide or quinone diimide is condensed 
with an amine or a phenol having a. free para-position.^ 
Here probably the first action of the amine is an addition 
to the quinonoid with the production of a hydrazine (II), 
which then undergoes a semidine rearrangement : 





the diamiuo- or amino-oxy-diphenylamine (III) then being 
oxidized to the dyestuff (IV) either by the air or at the 
expense of another molecule of the quinonoid. 

K 2. 


q 


Seotion VII.— the AZINES 

In these dyes the chromophore is the azine group 

They can be divided into two classes, viz. the azines proper 
and the azonium compounds, in the latter of which an 
alkyl or aryl group is attached to one of the cyclic nitrogen 
atoms. They can be further subdivided into the following 
classes : 



/\/ 


.N. 




\/ 




Eurhodines. 


I on 

\ 


oil I 


''X' 

ir ^Ac 
Snfranolf^s. 


/x/Tx/x 


»N< 

^Ac 

Aposafranines. 


/x/^x/x 

I [ I I 
x/x^/x/ 

Eiirhodoles. 


/ 


•N. 


x/x 

|NH,' 

Rosindnlinos 


OH 


■Nv 


I ' > I 




^Ac 


Safraninones. 



/X/ 

A/x 


.N. 




‘N' 


NHjI 

/X/ 


X/ 

Isorosindulines. 

/x/X/x 

InhrI Ink, I 




K 


\/ 


Bf' ^Ac 
InduUnes. 


All the azines are capable of double S3mimetrical tauto- 
metism, and therefore, as would be expected, are all strongly 
fluorescent : 


/x/'x/x 

k/knA/ 



rrxo 

X/Xn/X/ 
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(i) Laurent ® obtained dinaphthazine by beating 
a-nitronapbthalene \witb lime, and Wobl obtained di- 
idienazine by beating nitrobenzene with caustic soda. 

(ii) Hinsberg ® obtained azines by condensing a-di- 
ketonic compounds sucb as glyoxal, pbenantbraquinone 
j3-napbtboquinone, etc., with ortbo-diamines : 



Tbe reaction takes place very readily by simply beating 
tire components in some suitable solvent sucb as glacial 
acetic acid or in sodium bisulphite solution. Sucb com- 
pounds are known as quinoxalines and are of great service 
for identifying ortbo-diamines. 

Instead of a-diketones, a-nitroso-jS-napbtbol * can be 
used : 





U\i6 





(iii) Merz ® found that azines are formed wben ortbo- 
ilioxy phenols are heated in tbe air with ortbo-diamines : 


OHH,. ^ 

N/\OH HjN/N/ 


(iv) Witt ® found that azines are formed wben a phenol 
which is substituted in the para-position is carefully 
oxidized in the presence of an ortho-diamine : 
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presence of concentrated acid. The simple azines have no 
tinctorial properties, affinity for the fibre only being ac- 
quired by the entrance of hydroxyl or amino- groups into 
the molecule. The hydroxyl derivatives are weak acids, 
but the tinctorial properties are usually very feeble. 


The Eurhodines 

These are the amino-azines and can be obtained by 
the same means as the simple azines. Thus if an a-diketone 
is condensed with an aromatic triamine ® in which two of 
the amino groups are in the ortho-position to one another, 
a monamino-azine is formed. A similar compound is 
obtained if a diamino-azo-compound, such as chrysoidine, 
is heated with p-naphthol ; 



The amino-azines can also be obtained when any 
o-amino-azo-compound is heated with the hydrochloride 
of certain aromatic monamines, such as a-naphthylamine, 
best in phenol solution. During the reaction it is probable 
that the azo-compound first becomes reduced to the corre- 
sponding ortho-diamine and that this then condenses with 
the monamine, the hydrogen split off during the condensa- 
tion reducing a further quantity of the azo-compound : 



A very general method of obtaining eurhodines consists 
in heating ;^-nitroso-amines (or qtdnone dichlorimides) 
with monamines which are substituted in the para-position, 
such as /3-naph.thylamine. Here it is probable tliat the 
nitroso-amine ireacts in the quinonoid form and adds on 
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a molecule of tlie monamine in tlie usual way.^*® Water 
tlien splits out and the leuco-azia.& is finally oxidized at 
the expense of more of the nitroso-compound : 


ClNMea 


^NOH . /NHjo'H! 

' -(Y 


HClNMea 


'NH ' 





n 


,/U 


'^NH' 
Lcitro-txzmo. 


Hence three molectiles of nitroso-compotmd condense with 
two molecules of the amine : 


3C.H4<^^°e + aCioHjNHa = 3CeH«[NMea]<^^^C,oH^ 


/NMCjj 

+ C,H4< + sHtO 


^NHa 


This method usually gives excellent results and is 
employed on the large scale. It is best carried out by 
boiling the constituents in glacial acetic acid solution. 

Finally, eurhodines are obtained when certain ortho- 
amino indamines are boiled with dilute acids. Thus 
toluylene red or neutral red extra is obtained by boiling 
toluylene blue with dilute acids. Here, again, the 
reaction is probably the addition of a primary amine to 
a quinonoid group, but in this case the conden.sation is 
intramolecular : 


H 

Me, 




yCl 

Me,N^ ^ NHa- 


\-n/"\/\ch3 

Toluylene Bine. 


0 




NH„ 


HClNMe, 


■a 




jAycH. 


Neutral Red Extra. 


o 


HCl i 

XX..»; 


The last step depends upon atmospheric oxygen, and 
if large quantities are being dealt with air should be blown 
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thxougli the soltilion, as if this is not done, considerable 
quantities of the indamine will be reduced. 

The manufacture is an extremely simple matter, as it 
is only necessary to mix solutions of nitrosodimethyl 
aniline hydrochloride and m-phenylene diamine and 
warm gently. On standing toluylene blue separates, and 
on boiling this wdth dilute acid, and at the same time 
blowing air through the solution by means of a perforated 
pipe, it is converted into neutral red extra. 

Neutral violet is obtained by the oxidation of a 
mixture of dimethyl-j^-phenylene diamine and w-phenylene 
diamine. Here the indamine is first formed, which then 
passes into the diamino-azine, as in the case of neutral 
red. This is then allowed to add on another molecule 
of the para-diamine, the ^s«co-azine being then oxidized 
to the dye : 


Me,N|Q NHjQnH, ^ Me,N| 

Indamine. 

. Me.N 






\/ \NHCeH4NMe8 A/ANHCeHiNMea 

Neutral Violet. 


Thu Azonium Compounds (Sapranines and 
Indudinks) 


The azonium compounds are vastly more import^t 
than the azines proper. They are aU highly coloured, but 
have but poor tinctorial properties unless an annno-group 
is present. The commercial dyes are all azonium sa s, 
and the free bases as a rule cannot be isolated m a state 


\he ^simple azonium compounds can be obtained by 
condensing the a-diketones with o-amino secondary amines. 
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Thus flavinduline is prepared by condensing o-amino- 
diphenylamine with phenanthraquinone : “ 



Flavinduline is the only commercial dye made by this 
process, the other azonium compounds being made by one 
of the following methods : — 

(i) By condensing quinone dichlorimides with secondary 
amines which are substituted in the para-position.^’ This 
method is of no technical importance. The reaction con- 
sists in the addition of the amine to the quinone, loss of 
hydrochloric acid and then tautomeric change : 



(ii) By condensing the hydrochlorides of para-nitroso 
tertiary amines, such as nitroso dimethyl aniline, with 
secondary amines such as phenylnaphthylamine.^® The 
course of the reaction is exactly analogous to the con- 
densation of "the nitroso bases with primary amines which 
was discussed on page 138. Here also the oxidation is 
brought about at the expense of part of the nitroso- 
compound : 

.^NOH 
3 i I + 3 - 
aNMea HNHi 

Neutral Blue.“ 

The condensation is best brou^t about by heating to 
100° C. in glacial acetic acid solution. The acetic acid 



. i? V J iv i , 
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is then distilled oft' in vacuo, the rcsidtie dissolved in water 
and the dyestuff salted out. 

(iii) Diamino-azonium bases are formed when an in- 
damine is oxidized in the presence of a monamine, and this 
\ ory important process is capable of several variations, viz. : 

(a) The indamine is prepared from the corresponding 
aitroso-compound. 

(b) The indamine is not isolated but is formed as an 
intermediate product, the azine being formed in one opera- 
tion by the joint oxidation of one molecule of a diamino 
and two molecules of a monamine. In order that this 
method may be successful it is necessary for at least one of 
the amino-groups of the diamine to be jirimary, as otherwise 
no indamine could be formed. Instead of using two mole- 
cules of one monamine, one molecule each of two different 
monamines can 'be used. In this case one of the monamines 
must have an unsubstituted para-position so as to allow of in- 
damine formation, and the other monamine must be primary. 

(c) A meta-amino secondary amine is oxidized in the 
inesence of a diamine. Tliis modification is of theoretical 
inxportance, as it has led to the proof of the symmetrical 
constitution of the safranines as follows : — 

■When meta-amino-diphenylamine is oxidized in the 
presence of para-phenylene diamine, safranine formation 
might take place in two directions, leading to a symmetrical 
compound (I) or to an unsymmetrical compound (II) : 
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Now, methyl-meta-phetiylene diamine, when oxidized 
in the presence of ^-phenylene diamine, gives a safranine ; 

jx 'Xx. • ..oC 

NH 

lire Me 

This would be impossible if the reaction took place according 
to II. 

Again, Nietzki has shown that the same compound 
is obtained by oxidizing a mixture of w-amino-diphenyl- 
amine and j^-amino-diphenylamine as is obtained by 
oxidizing a mixture of #w-phenyl-amino-diphenylamine and 
j^-phenylenediamine. This is only explicable on the as- 
sumption that the reaction takes the course I : 




(d) h'inaUy, azonium compounds are formed when 
amino-azo-compounds are heated with the hydrochloride 
of a monamine. In this case probably part of the azo- 
compound becomes reduced to the diamine, which then 
condenses with the monamine to form the indamine, the 
oxidation being brought about by the reduction of more 
of the azo-compound. 
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In all cases the formation of the azine from the ind- 
amine (I) and monamine is due to the condensation of the 
monamine "with the quinonoid indamine to form a com- 
plex diarylamine (II), oxidation to a quinonoid compound 
(III), and then intramolecular condensation (IV) followed by 
oxidation (V) ; 


/ 


NH 


1 . 


n 






NH 
II. Ar. 


/NH\ 








NH NHs NHa NH NHAx 

V. IV. HI. 


In preparing azines by the joint oxidation of a ;^-diamine 
and a monauiine, the diamine is usually prepared by the 
reduction of a suitable azo-compound or nitroso-amine. 
The oxidation is best carried out with sodium bichromate 
or manganese dioxide. 

One of the best known dyes of this group is azo carmine 
G. It is obtained by heating benzene-azo-a-naphthyl- 
amine hydrochloride with aniline and aniline hydro- 
chloride at 130° C. After cooling the melt is ground up 
and purified by extraction with boiling dilute hydro- 
chloric acid and toluol. The residue is then sulphonated 
by heating with 4 parts of 23 per cent, oleum at 100° C. 
The dyestuff is the sulphonic acid of 



Azo carmine B is the sodium salt of the trisulphonic acid. 
The name Iniulim is usually given to those dyes 
which are obtained by' heating an amino-azo-compound 
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with aniline and aniline salts. The reactions which take 
place are extremely complicated and depend on the con- 
ditions under which the melt is carried out. Probably 
some safranine is formed by the series of reactions de- 
scribed on pages 142, 143. This, being a quinonoid com- 
pound, is capable of condensing with another molecule of 
the amine. On oxidation this again passes into a quinonoid 
compound which can then condense with another molecule 
of the amine, and so on : 




NH 




u 


PJiNh/N/ X/X 


\ 


NH 




Mila 



PhNU 



s> 

JMU 


Witt 22 has investigated the reaction and finds that 
when amino-azo-benzene is heated with aniline and aniline 
hydrochloride to 100® azophenine is formed. At a higher 
temperature this condenses with the ^-diamine formed 
•simultaneously to form induline B or 3B : 




PhN 




\h 








PhNH/X/^'^ 


PhNHk^^ 


\ 

NH 


0 


• 5 ^ 

NH 


O ^NHv 

/: \y V 

lib 



On further heating this passes into still bluer products, 
either by the ordinary quinonoid condensation or by the 
phenylation of the amino group, this latter reaction being 
exactiy analogous to the formation diphenylamine by 
heating aniline with aniline hydrochloride- 
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Another possible explanation of the reaction is that the 
amino-azo-compound reacts in the qninonoid form and 
first undergoes a semidine change : 

NH NH 

k 

and in confirmation of this it has been pointed out that 
benzene-azo-a-naphthol, on prolonged boiling with acetic 
acid, passes into an analogous compound : 

^N— NHPh 

> 

NO 

This quinone di-imide might then condense with aniline 
to form the azine as follows : 




o NHPh 



/,NH 


^NH. 


A 

NH 


^ PhNH^' 

An/X, 




NH NHPh 

4 



^NH— NHPh 
^NHPh 


PIiNH/Y^^^I^ PliNHf^Y^^'^r^ 


Which of these reactions takes place it is impossible 
to say until the reaction has been investigated much more 
fully. The indulines obtained by the amino-azo melt are 
usually spirit soluble colours. They are converted into 
water soluble dyes by sulphonation. 

The following are a few of the most important azonium 
colours : 

R 2. 


10 


146 COAL TAR DYES AND INTERMEDIATES 


HUSTH 


OCX); 


iNjn I 


Joint oxidation of aniline and toluidine 
V \nH« Interesting as the first artificial dye prepared 


NHj 


6H4CH3 

Mauveine. 


(Xxt 

Induline Scarlet. 


/ 

/^v\ 


commercially. 


By fusing azo-derivatives of ethyl-para^ 
toluidine with a - naphthylamine. D.R.P. 
77226. 


Me^N' 


u 


\n</ 

/\ 

a Ph 

Neutral Blue. 


By condensing nitroso-dimethyl aniline 
with phenyl-j 3 -naphthylamine. D.R.P. 19224. 


Me. 




NHCeH4CH3 

n 


Basle Blue. 


By condensing nitroso-dimethyl-aniline 
hydrochloride with 2.7-ditolyl - naphthylene 
diamine. D.R.P. 40886. 


By condensing nitroso-dimethyl-aniline 
^ A /NHEt with diethyl-w-phenylenediamine. D.R.P. 
Me,N y(^ 59063. 

Bt a 


Fast Neutral Violet C. 


O^Y^. 




By the oxidation of a mixture of p 
amino-diphenylamine, o-toluidine and aniline. 


(XX>h 


'NHj D.R.P. 49853. 


Methylene Violet. 


BN 

RRW 

RRA 

3RA Extra 
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Safranine (various marks) is obtained by tbe oxidation 
of a mixture of toluylene diamine and ortbo toluidine and 
subsequent condensation with aniline or ortho-toluidine. 
It consists of a mixture of : 



/\ 

Cl CcHs 


and 


CcHiCHj 



Magdala red or fast pink for silk is obtained by fusing 
a-naphthyl-azo-a-naphthylamine with a-naphthylamine. It 
consists of a mixture of : 




Aniline Black 2s is obtained by the oxidation of aniline 
and has been ascribed the formula : 



although this cannot be said to be proved. It is always 
developed on the fibre, although the dyestuff itself is made 
to some extent for use as a pigment. 
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or a nitroso-plieiiol or nitroso-base can be condensed with a 
phenolic compound of such a nature that condensation must 
take -place in the ortho- position to a hydroxyl group, e.g. 
resorcinol : 



o 


The oxy-indophenol or oxy-indamine then passes into the 
oxazine by oxidation ; 


jHHi’O O 




Me,Ni 


\o/\A, 


If, however, the phenol is j8-naphthol, the mpphatiism of 
this oxidation is somewhat different, and probably takes 
place in the following steps : 



In all cases the oxidation takes place at the expense of some 
of the nitroso-compound, the equation being : 

3HClMe,NC,HiNO-i-2CioH,OH « 2 Me,ClNC,H 4 ^\CioH, 

+Me,NHaC,H4NH,-f3H»0 

Again, the components can be selected so that the inda- 
mine or indophenol contains two hydroxyl groups, both of 
which are in the ortho-position to the nitrogen atom, 


Section IX.— THE THIAZINES 


These are all derived from thiodiplienylamiiie : 



Thiodiplienylamine itself and its amino- and hydroxy- 
derivatives are colourless or pale yeUow compounds. The 
amino- and oxy- derivatives, however, are leuco- com- 
pounds and rapidly absorb oxygen from the atmosphere 
and pass into the dyes, the thiazimes and thiazones : 



Cl 


Thiazone. 


It will be seen that the thiazines are really indamines 
and indophenols in which the ring has been closed by sul- 
phur. This closing of the ring increases the stability, and 
although the thiazines are not very fast colours they are 
much faster than the corresponding indamines and indo- 
phenols. 

The fest thiazine dye was obtained by Tauth,^ in i8j?6, 
by oxidizing ^-phenylenediamine in the presence of sul- 
phuretted hydrogen. 
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■with sulphuretted hydrogen to give the mercaptan (li.)- 
thenjcondenses with another molecule of the quinonc 
diimide to form III., which passes into the huco- dye by los.s 
of ammojiia. This in turn becomes oxidized to the dyestuff 
proper : 






aMe-N 


C' 


NH 


HCINM^ 


0: 


/'NH, 

\SH 


I. 

Wurster*s Hcd. 


II. 


HClNMe, 


^ JnMu. 

^ HONMe, ' V 


LtfMco-Methylene Blue. 


-s- 

HI. 


( 




J\ 

ClMejN 

/\s/ 

.,yNMe, Me,N\ 

1 



Methylene Blue. 

Cl 


Instead of using two molecules of the diamine, the 
preparation can be carried out by oxidizing an equimolccular 
mixture of the diamine and dimethyl aniline.'* In this case 
the mercaptan is formed as before and then undergoes indJi- 
mine formation with the dimethyl aniline. The quinonoid 
indamine then undergoes intramolecular condensation -sdth 
the mercaptan group to form &«co-methylene blue : 


Me,N 



\Ay 

1 - r 


^\/\sH A 

““ Me,N 

/\ \ 
SH 

NMe»Cl 



Oehler has patented a process for producing methylene 
blue by treating nitrosodimethyl aniline with concentrated 
sulphuric acid and zinc sulphide.® Here the first step is 
probably ■the reduction of the nitroso- compound to the 
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diamine. Tlie snlphuretted hydrogen is probably simul- 
taneously oxidized to the unknown sulphoxylic acid, 
HO — S — OH, which then condenses with the diamine with 
loss of water : 


/\/\ Me.Nl^^v.^g^'xylNMe 
Ih"! j■■Hi NMe, 
iHO i— S-jOHi 

In support of this it may be pointed out that Smiles and 
his students have shown that mercaptans condense with 
aromatic compounds in the presence of strong sulphuric acid 
to form sulphides.® Thus, thioxanthones are obtained in excel- 
lent 3deld when thiosalicylic acid is heated with an aromatic 
compound in the presence of concentrated sulphuric acid : 


/V /COOH /COiOH”H|\ 


u 


\SH 


U 


\ 


S— jOH Hi 


» 



A similar reaction takes place between thiosalicylic acid 
and malonic ester (see p. 167). 

The manufacture of methylene blue is now always carried 
out by the thiosulphate process.’ In this dimethyl-^- 
phenylene-diamine is oxidized in the presence of sodium 
thiosulphate, when the quinone imide at once condenses with 
the thiosulphuric acid to form the thiosulphonic acid : 


ClNMe, 

Wfirster's Red. 


H— S— SOsH 


NH, 


HClNMe, 


0 ^' 

SO.H 


This can be converted into methylene blue by two processes, 
viz. it can be reduced to the mercaptan and this then oxidized 
in the presence of dimethyl aniline, when indamine formation, 
etc., takes place ; or, more usually, the thiosulphonate is 
oxidized directly in the presence of dimethyl aniline to the . 
corresponding indamine, which oh heating loses sulphurous 
acid with the formation of methylene blue : 
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■NH. 


J 

NMa<^^'^S-S03H 




The manufactiire of methylene blue is carried out as 
follows. Dimethylaniliue (12 kilos) is dissolved in 40 litres 
of water and 65 kilos of strong hydrochloric acid and con- 
verted into its nitroso compound by the addition of 7'i 
Mlos of sodium nitrite (see p. 81). The nitroso compound 
is not isolated but immediately reduced to the diamine by 
the addition of zinc dust, of which sufficient must be added 
to neutralize the whole of the hydrochloric acid. After 
diluting to 500 litres 16 Hlos of dimethyl aniline hydro- 
chloride and 50 kilos of sodium thiosulphate are added, and 
then a concentrated solution of 25 kilos of sodium dichromate 
run in and the whole boiled for two hours. Sufficient sul- 
phuric acid to convert the whole of the chromium and sodium 
into sulphate is next added and the solution boiled free from 
sulphur dioxide. The leuco base is then oxidized by the 
addition of 8 kilos of neutral sodium chromate and the 
dyestuff ffiially salted out. 

Other dyes of this series are : 




«N- 


•MM® Sy action of nitrous acid on Methylene 
Blue. D.R.P. 38,979. 


Cl 

Methylene Green. 



From amino-methyl ethyl aniline by the 
thiosulphate process. D.R.iP. 54,658, 


New Methylene Blue. 
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Thiocarmine R. 


An. interesting series of dyes, whicli have not yet found 
application, is obtained when dinitro- or tetranitro-diphenyl- 
amine-o-sulphoxide is condensed with an aromatic com- 
pound : ® 

/\./^\/\ 

L 

Condensation takes place very readily at the ordinary 
temperature in the presence of concentrated sulphuric acid, 
and most aromatic compounds react. Benzene, however, 
does not, and as thiophene does, this forms a very convenient 
test for thiophene. Soluble products are onlj' obtained 
when sulphonic acid groups are present. 


REFERENCES AND UTERATURE. 


Seotioit X. — ^THE INDIGOID DYESTUFFS 


These are all vat dyes and from tlie point of view of chemical 
constitution can be divided roughly into two classes, viz. 
the indigos and the thioindigos. This division is not a 
very sharp one, for, as will be seen, some of the dyes contain 
both an indigo and a thioindigo group. 


The Indigos 

These all contain the group Ar< >C 

X(OH)k 

reduction passes into Ar<^^ -Ci — 


which on 


C — , the reduction pro- 


ducts being soluble in alkali and being rapidly oxidized by 
the air to the original substance. 

Indigo itself is by far the most inportant member of the 
series, and is in fact the most important dye on the market 
at present. It has been used since prehistoric times, certain 
Eg3T>tian mummy cloths having been found to be dyed with it. 

Until comparatively recently the whole of the dyestuff used 
was obtained from natural sources, but during the last few 
years the synthetical product has displaced the natural. 

Natural Indigo. — ^Indigo occurs in the indigo plant as 
a glucoside of indoxyl (Indican), which on hydrolysis is split 
up into indoxyl and glucose, the indoxyl on exposure to the 
air being at once oxidized to indigo : 

yCOs. ,COv 


The indigo plant {Indigofera Unctoria) was formerly 
cultivated in Europe, but at present is chiefly grown in 
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South America and Bengal, although the area under cultiva- 
tion is rapidly decreasing owing to the use of the synthetic 
dye. In order to extract the dyestuff the plants are covered 
with water and allowed to ferment in large vats (“ steeping 
vats ”) for about fifteen hours. The yellow liquid is then 
drawn off from the debris and beaten, either mechanically 
or by hand, so as continually to expose a fresh surface to 
the air. By this means the indoxyl is oxidized to indigo, 
wliich, being insoluble in water, settles out as a fine mud. 
This is then boiled up with water in order to destroy the 
ferments, collected by filtration through cloth, pressed and 
dried. 

Syntheses of Indigo.— -The great fastness of the shades 
and the enormous demand for the dyestuff led at an early 
date to many attempts at its synthesis. The fibrst success was 
achieved in 1870 by Baeyer and Emmerling, who obtained 
small quantities of indigo by heating isatine with phosphorus 
trichloride and acetyl chloride and then oxidizing the 
product with air. 

The next important step was the preparation of the dye- 
stuff by Baeyer from o-nitro-ciimamic acid. This he effected 
by first saturating the double bond with bromine and then 
treating the brominated compound with alcoholic potash, 
so as to form o-nitro-phenyl propiolic acid : ^ 

c 

This was then converted into indigo by two methods, viz, 
{a) it was converted into isatine by boiling with caustic 
soda, and this then converted into indigo by reduction with 
an alkaline solution of glucose; or (&) it was boiled with 
water, when loss of carbon dioxide took place with the forma- 
tion of o-nitro-phenyl acetylene. The copper salt of this 
on oxidation with ferricyanide gave the corresponding 
diacetylene, which when treated first with concentrated 
sulphuric acid and then with ammonium chloride passed 
successively into diisatogen and indigo : * 

,it 2. 


,n.<' 


CHBr— CHBr— COOH 
Nt>. 


CeH4<(. 


CsC— COOH 
NOa 


II 
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c=c— c=a 

*< >C.H, 

NNOa NO./ 


yCO. /COy 

/ V=C< >C 


Neitlier of these methods was successful commercially, 
although uitro-phenyl propiolic acid was used to a small 
extent for producing indigo directly on the fibre.® 

The next series of syntheses started from o-nitro-beuz- 
aldehyde and were due to Baeyer and Drewson. They found 
that the condensation product of o-nitro-benzaldehyde and 
acetone readily loses water to form o-nitro-aceto-cinnamonc, 
which passes into indigo on treatment wdth caustic alkali : 


C.H, 


/CHOH— CHa— CO— CHj 
/ > 


.CH=:CH— CO— CH„ 





The bisulphite compound of the condensation product 
of acetone and o-nitro-benzaldehyde is used to a small 
extent for calico printing under the name of indigo salt. 
In this process the colour is developed on the fibre by treat- 
ment with strong caustic alkali solution. 

None of the above syntheses have been commercially 
successful owing to the high price of toluene. 

The commercial preparation of indigo is now exclusively 
carried out by Heumann's process. This consists in fusing 
phenyl glycine, or phenyl glycine-o-carboxylic acid, with 
caustic alkali and then oxidizing the indoxyl formed with air : 


As originally proposed the method did not appear at all 
promising, as the yields did not exceed 8 per cent. ; but the 
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anthranilic acid, prepared from napitlialene as described 
on pages 41, 80, with, chloracetic acid, or according to 
Bncherer from anthranilic acid and formaldehyde as de- 
scribed above. 

A very interesting synthesis of indigo, which however 
has not proved snccessful on the large scale, is due to Sand- 
meyer.® In this case the starting out substance is aniline, 
which' is first converted into thiocarbaniHde by heating 
it with carbon bisulphide. This is then treated with 
potassium cyanide and the nitrile thus obtained converted 
into the corresponding thioamide by treatment with yellow 
ammonium sulphide : 

PhNHCSNHPh PhNHC=NPh PhNHC=NPh 

CN S=CNHs 

This, on treatment with concentrated sulphuric acid, passes 
into a-isatine aniKde, which on reduction with ammonium 
sulphide loses aniline and forms indigo : 

Of the homologues of indigo only two have proved to be 
of commercial value. The dimethyl indigo obtained from 
the phenyl glycine derived from o-toluidine ® is indigo T or G, 
and the dibromo- product of that derived from the glycine 
of j8-naphthylamine is ciba green G. 

Of the substitution products of indigo, the sulphonic 
acid has long been known, and at one time was used to a 
considerable extent as an acid dye for wool and silk under 
the name of indigo carmine. Its use is now almost obsolete 
as, unlike indigo itself, the shades obtained are very fugitive. 

The halogenated indigos are of comparatively recent 
introduction and are of very great importance. Those 
halogenated in the para- position to the nitrogen atoms are 
very like indigo in shade, but rather brighter, whereas those 
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tlie market as ciba beliotrope. It is prepared by condensing 
dibromisatine with, dibromindoxyl.’-® 

Very closely related to tbe indigos is a series of dyes 
obtained by condensing a-isatine chloride or a-isatine 
anilide with phenols having a free ortho-position : 





Alizarine Indigo 3R. 


In the same way helindon bine 3GN is obtained from 
a-oxy-anthranol ; 


I CHOH 
CO I 


The Thioenhigos. 


These are very similar to the indigos in structure, but in 
them one or both of the imino- groups have been replaced by 
a sulphur atom. Tike the indigos they are all vat dyes, and 


/C(OH)\ 

on reduction give compounds of the structure Ar^C,^ 


The first member of the series to be prepared was discovered 
by Friedlander in 1905 A® He obtained it by fusing 0- 
carboxy-phenyl thioglycoUic acid (I.) with caustic alkali ; 


I. 


S— CH,COOH 
> 



III. 


The first action of the caustic potash is to condense the 
aryl thioglycolKc acid ( 1 .) to i-oxy-3-thionaphthene (II.), 



THE INDIGOID DYESTUFFS 167 

which then imdcrgoes oxidation to lorin the dyestuff (III.)- 
A very ingenious modification of this process is due to 
Prescott, Hutchison and Smiles. TL'hey found that when 
thiosalicylic acid is condensed with malonic acid in the 
presence of sulphuric acid or clilorsulphonic acid, first 
oxythionaphthene (IV.) and then thioindigo is formed. This 
process depends on the formation of a sulphoxylic acid (II.) 
which then condenses with the malonic acid : 


.SH 

c,H*< C,H 

\cOOH 
I. 


/SOH ,S S. 

•'Ncoo? ^ 

n. Ill, XV. 


CH.. 


A third synthesis consists in condensing thiosalicylic 
acid mth dichlorethylene and then heating the product with 
dehydrating agents : 


C.liy^NcH-CH/NcaHi 
\cOOH HOCO/ 



Finally, the alkoxy-thioiudigos can be obtained by cou- 
< leasing the alkoxy-mercaptans with acetyl chloride in the 
presence of aluminium chloride and then oxidizing the 
mercapto-aceto-phenone thus obtained ; 

(') A~coch, ^ A-co^ ^ <co-,A 

ROkySH RO^y— SH 1^0^ ® S — 

The influence of substituents on the colour of the thio- 
indigo dyes is important, and the following rules are fairly 
general ; Alkyl groups have a powerful influence. When 
at 4 or 6 they render the shade more blue ; when at 3 or 5 
they render it redder. The influence of halogen atoms is 
similar but not so strongly marked. Substituents at 4 have 
a greater effect than those at 6. 

Alkoxy- groups have a very powerful effect. They blue 
the shade when at 4 or 6 and redden it when at 3 or 5. A 
methoxy* group at 3 or 5 reddens the shade even when 
there is a chlorine atom at 4, and a methoxy- group at 4 
or 6 blues the shade even when there is a methyl groujp at 
3 or 5. 
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Thioindigo itself (tliioindigo red B) dyes from an alkaline 
hydrosnlphite vat in bliieish-red shades which are remarkable 
for their extraordinary fastness, especially towards chlorine. 
So fast are the shades in fact that the whole of the cotton 
can be dissolved away vnth bleach without affecting the dye. 
Of its halogen substitution x^roducts the most important 
are ciba bordeaux or 5.5'-dibromothioindigo * and thio- 
indigo red BG or heliudon red B, which is the correspond- 
ing chlorine compound. Of the alkoxy-thioindigos, helindon 
orange R is the 5. 5 '-diethoxy- compound, which i^asses into 
helindon scarlet R on the entrance of halogen atoms. The 
corresponding thiethox^^ compound, 

EtS— CeH4<r XeH^-^SEt 

^ S / ^ S / 


is helindon scarlet S or thioindigo scarlet S. 

An important class of dyes, the hemithioindigos, is ob- 
tained by condensing oxythionaphthene with a-diketones. 
The most important member of this series is thioindigo 
scarlet R or ciba red B, and is obtained by condensing 
oxythionaphthene with isatine : 


/ S V >-C5H4^ yCOv,^ 

^ C4i.< ^ >C-C<^ >H 


Its dibromo derivative is thioindigo scarlet G or ciba 
red G. An isomeric compound is obtained by condensing 
oxythionaphthene with a-isatine anilide and is i:)laced on 
the market as ciba violet A ; 



Finalty, an interesting dyestuff, ciba scarlet G, is obtained 


* The atoms in thioindigo are usually numbered as follows ;■ — 



6 ' 



Section XI.— THE AJSTTHRAQUINONOID 

DYES 

The anthxaquiiioiie dyes can be divided into three classes, 
viz. (i) Mordant Dyes, (ii) Acid Dyes, (iii) Vat Dyes. 


The Anthraquinonoid Mordakt Dyes. 

These consist of polyoxy-antlxraquinone derivatives, and 
although they are almost insoluble in water they are sujBfi- 
ciently soluble to unite with metaUic oxides to form highly 
coloured salts ("lakes "). The colour of these lakes often 
depends on the metallic atom present, and hence the dyes 
are frequently polygenic in nature. Alizarine, for example, 
dyes in red shades on an alumina mordant and in violet 
shades on a stannic or chrome mordant. 

It was formerly believed that only those oxy-anthra- 
quinones which contained two hydroxyl groups in the i 
and 2 positions were capable of acting as mordant dyes ^ 
(Rule of Kostanecki and Diebermann). Although fairly 
general this rule is not absolutely correct, but all the com- 
mercially valuable oxy-anthraquinones do contain such 
hydroxyl groups. 

The preparation of the oxy-anthraquinones can be 
carried out by two methods, viz. by inserting the hydroxyl 
groups into anthraquinone or by building up the anthra- 
quinone nucleus from phenolic compounds. 

Hydroxylation of Anthraquinone. — Hydroxyl groups 
can be inserted into the anthraquinone nucleus by the 
same methods as are used for preparing phenols and 
naphthols, the most important of which is the fusion of 
the corresponding sulphonic acids with caustic alkali. As 



173 


THE ANTHRAQUINONOID DYES 

this point for 36-48 hoturs. After cooling the charge is 
acidified with dilute acid and the alizarine filtered off and 
washed. For this purpose water absolutely free from iron 
must be used or the shade will be spoilt. 

On sulphonation under ordinary conditions the sul- 
phonic group enters the 3-position, giving alizarine red S,’ 
a dyestuff sometimes used in volumetric work as a substi- 
tute for methyl orange. When the sulphonation is carried 
out in the presence of mercury salts the stdphonic group 
enters the a-positions of the ring which does not contain 
the hydroxyl groups, and a mixture of alizarine-5- and 
alizarine-8-sulphonic acids is obtained. This mixture forms 
the commercial erweco acid alizarine red BS.® 

When alizarine is nitrated either in glacial acetic acid 
solution or dissolved or suspended in some neutral solvent, 
such as nitrobenzene or ligroin, or in sulphuric acid solution 
in the presence of boric acid,® 3-nitTo-alizarine (alizarine 
orange A or N) is formed. This on reduction gives the 
corresponding amino-alizarine which, when heated with 
glycerine, sulphuric acid and nitro-benzene (Skraups re- 
action), gives the corresponding quinoline (alizarine blue) 
which dyes cotton in remarkably fast shades.^® 



Alizarine OranRe. 



Alizarine Blue. 


This last, on oxidation with oleum, passes first into quin- 
alizarine quinoline (alizarine green X),^^ and then into 
pentaoxy-anthraquinone quinoline (alizarine indigo blue 



Alizarine Indigo Blue S, 


Alizarine Green X. 
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Both these dyes are usttally placed on the market as their 
bisulphite compounds. 

If, on the other hand, the diacetyl or dibenzoyl de- 
rivative of alizarine is nitrated,^® the nitro- group enters 
the a-position and, on splitting off the acyl groups, 4-nitro- 
alizarine is obtained. This is of no importance as a dye, 
but on reduction passes into the amino-compound (ali- 
zarine garnet), which is capable of dyeing unmordauted 
silk in violet-red shades. Treated by Sk-raup’s method it 
3rields the corresponding quinoline (alizarine green S).^® 



Alizarine Green S. 


This latter dye, it will be noticed, only differs from 
alizarine blue in the position of the quinoline nitrogen 
atom. It is quite remarkable that such a slight difference 
in the structure should cause a change in colour from blue 
to green. As will be seen later, however, the anthra- 
quinone acridones show a similar change in colour when 
the positions of the imino- and carbonyl groups are re- 
versed. 

On oxidation alizarine yields a variety of products 
according to the conditions of the experiment. When the 
oxidation is carried out with manganese dioxide and sul- 
phuric acid the chief product is purpurin (1.2.4-trioxy- 
anthraquinone), a dyestuff found together with alizarine 
in madder but very little used. The shades are similar to 
those obtained from alizarine. 

When the oxidation is carried out with oleum, the chief 
product is quinalizarine (1.2.5. 8-tetraoxy-anthraquinone), 
which is placed on the market as alizarine bordeaux. This, 
on oxidation with manganese dioxide, passes into alizarine 
cyanine R),^^ which gives blue shades on an alumina 
mordant. 
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OH „„ OH 


OH 


Alizarine Bordeaux. 



Alizarine Cyanine R. 


Wlien antliraquinone-2.6-disnlpliomc acid is fused uuder 
pressure with caustic alkali and potassium chlorate, 1.2.6- 
trioxy-authraquinone (flavopurpurin, alizarine GI.RG, SCD 
or X) is obtained. This dyes in very similar shades to 
alizarine. A similar compound, 1.2.7-trioxy-anthraquinoae 
(isopurpuriu, alizarine GD, RX or SX Rxtra), is obtained 
in the same way from the 2.7-disulphonic acid. In both 
cases the reaction is exactly analogous to that which takes 
place in the preparation of alizarine : 


HO' 


OH 

Q/ YY“ 

Flavopurpurin. 



Isopurpurin. 


If 1.5-dinitro-authraquinone is heated with 40 per cent, 
oleum with or without the addition of a reducing agent, 
1.3.4.5.7.8-hexaoxy-anthxaquinone (anthracene blue WR) 
is formed. The same compound is formed when anthra- 
rulin or anthrachrysone is oxidized with oleum. 

As stated on page 170, oxy-anthraquinones can also be 
formed by building up the authraquinone nucleus from 
suitable phenolic compounds. This can be done in three 
ways — 

(i) Phthalic anhydride is condensed with a phenol in 
the presence of aluminium chloride and the resulting 0- 
benzoyl benzoic acid then heated with sulphuric acid or other 
dehydrating agent.” This reaction is very general and is 
not confined to the phenols. Tims anthraquinone itself can 
be obtained by condensing phthalic anhydride with benzene : 


oC^o 
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The 3delds are usually excellent, but a whole (double) 
molecule of aluminium chloride must be used. Were it 
not for this disadvantage the synthesis of anthraquinone 
by this method might be a commercial success. 

(ii) Phthalic anhydride is condensed with a phenol in 
the presence of sulphuric acid or zinc chloride. Here 
pyronines are apt to be formed simultaneously, and with 
the simpler phenols are the main product (see p. 124). 
With the polyhydric phenols, however, the method is often 
quite satisfactory. Thus phthalic anhydride and pyro- 
gallol yield anthragallol (anthracene brown or alizarine 
brown W, WG, etc.). 

(iii) By heating an oxy-benzoic acid, or a mixtiue of 
an oxy-benzoic acid and a benzoic acid derivative. This 
reaction consists in a simple loss of water between the 
carboxyl groups and the hydrogen atoms of the benzene 
ring. Since, as a rule, it is only those hydrogen atoms 
which are in the para- position to a hydroxyl group which 
react in this way, it follows that only meta-oxy-benzoic 
acids can be used. Thus, if a mixtiue of gallic acid and 
benzoic acid is heated with sulphuric acid, anthracene 
brown is obtained ; 

OH OH 

n 

Anthracene Brown. 



a small quantity of hexaoxy-anthraquiuone being formed 
at the same time. This latter compound (rufigallic acid) 
is the sole product when gallic acid is heated with sulphuric 
acid : 


HO, 

HO'^ 


OH 

\/' 


r 


COiOH H:. 


\ 




H HOjCO* 


/ 


0 : 

OH 


OH 

OH 





Rufigallic Acid. 


Ill exactty the same way 3.5-dioxy-benzoic acid gives 
anthrachrj'Sone : 
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HO 


I, A , , /\JoH 

HOjCO^ 



This, on nitration and sulphouatiou, passes into a dinitro- 
disulphonic acid. If tliis is treated with soditnn sulphide 
the nitro- groups axe replaced by mercaptan groups, yield- 
ing the dyestuff acid alizarine green B and G, which gives 
green shades on a chrome mordant : 



Acid Alizarine Green B and G. 


If, on the other hand, the nitro- groups arc reduced 
with nascent hydrogen the diaraino-compound is obtained, 
wliich, when treated with caustic alkali, loses ammonia 
and forms a hexaoxy-anthraquinone disulphonic acid (acid 
alizarine blue BB and OR).*® 



Acid AUzariac Blue BB aud GIC 

This dyes in red shades from an acid bath, which become 
blue on after-treatment with chromium fluoride. 


The Anthrasuinonoid Acid Dyes. 

These are usually sulphonic acids of amiuo-antlira- 
quinone derivatives, and are used for dyeing wool from an 
acid bath. As a rule they dye in very level shades, which 
are extremely fast to light. 

The oldest, and one of the most valuable dyes of this 
series, is alizarine saphirol,** which is obtained by nitrating 
aud then reducing anthrarufln disulphonic acid : 
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SOjH 



Alizarine Saphirol. 


It dyes in very pure shades of blue. 

Somewhat similar to this in constitution is erweco acid 
alizarine red R, obtained by condensing dinitro-anthra- 
flavic acid disulphonic acid with aniline ; 


NHCcHb 
Hol A jsOaH 
Erweco Acid Alizarine Red R. 


It dyes wool red from an acid bath, the coloiu' passing into 
deep blue on after-treatment with chromium fluoride. 

Anthraquinone violet is obtained by condensing anthra- 
rufin or 1.5-dinitro-anthraquinone with ^-toluidine and then 
sulphonating the product : 


tV^, 


NHCeH. 




soS>c«H3Nh 





Anthraqxiinone Violet. 


Most of the anthiaquinone acid dyes, however, are deriva- 
tives of quinizarine. Thus, if quinizarine is heated with 
one molecule of ^-toluidine and the product sulphonated 
we obtain alizarine irisol D,®® which gives blue-violet shades 
becoming greenish blue on after-chroming. An isomeric 
compound is obtained by condensing /gMco-quinizarine with 
^-toluidme-2-sulphonic acid, and is placed on the market as 
alizarine direct violet R or alizarine cyanol R : 


OH 




NH,C,H3| 
Alizarine Irisol D. 


CO 


VNcoA/ 




Alizarine Direct Violet R. 
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If tlie soluble reduction product has affinity for animal 
or vegetable fibres, then if the original product is insoluble 
in water we have a vat dye. The reduction of the dyestuff 
is almost invariably carried out with an alkaline solution 
of sodium hydrosulphite, and the oxidation brought about 
by exposing the fabric to the air. 

The anthraquinonoid vat dyes are almost exclusively used 
for dyeing cotton, the vats being too strongly alkaline for 
wool or silk. As a rule the cotton is dyed as yarn, as it is 
almost impossible to dye piece goods in even shades. They 
are also used to a considerable extent for printing. 

In chemical composition the anthraquinonoid vat dyes 
differ very much, some of them being extremely simple and 
others very complex. They are noted for their extraordinary 
fastness, especially to light. 

Considered from the point of view of chemical structure 
the anthraquinonoid vat dyes can be divided into eight classes. 

(i) Homologues of Anthraquinone. — Anthraquinone 
is too weakly coloured to be used as a dyestuff, but naphth- 
anthraquinone has been placed on the market under the name 
of sirius yellow G. It is prepared by condensing naphtha- 
lene with phthalic anh 3 'dride in the presence of aluminium 
chloride and then heating the resulting o-naphthoj’! benzoic 
acid with concentrated sulphuric acid : 


/\^co 


Q: 


^COH 



Sirius Yellow G. 


Of much greater importance is antlirahavone O, which 
is obtained by fusing ^-methyl anthraquinone with caustic 
potash,®^ It was originallj^ believed to have the structure : 
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(ii) The Benzanthrones. — ^These contain two anthra- 
quinone residues fused together in a more or less complicated 
manner, but only two carbonyl groups. The simplest 
member of the series is pyranthrone or indanthiene golden 
orange G, which is obtained by the loss of two molecules 
of water from 2.2'-dimethyl-i.i'-dianthraquinon3d : 



On halogenation the depth of the colour is increased, the 
chlorinated compound being indanthrene golden orange R. 
and the brominated compound indanthrene scarlet G. 

Of more complicated structure are the blue and violet 
dyes of this class. Thus, when anthraquinone is heated 
with glycerine and concentrated sulphuric acid, benzan- 
throne (I) is formed,®® which on fusion with caustic potash 
passes into violanthrene BS or indanthrene dark blue, 
which probably has the structure II and dyes cotton in 
very fast red-molet shades.®’ 



On halogenatings® this gives indanthrene violet RT, and 
on niteatmg®® viiidanthrene or indanthrene green B. It 
IS rather remarkable that a compound containing a nitro- 
group should be satisfactory as a vat dye, as one would 
expect reduction of this to take place in the vat. 
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considerable influence on tie shade of the benzoyl amino- 
anthraquinones, and the following rules are fairly general. 

The benzoyl-amino-group being at i : 

(a) Substituents at 2 have very little effect. 

(b) Substituents at 4, other than halogen atoms or 
alkoxy-groups, have a great effect in shifting the shade 
towards the blue end of the spectrum. A second benzoyl 
amino-group in this position produces a yellow-red dyestuff, 
whereas an amino-group produces a still greater effect, 
monobenzoyl-i.4-diamino-anthraquinone dyeing in corinth 
shades. The influence of the hydroxyl group is still more 
marked, 4-oxy-i-benzoyl amino-anthraquinone dyeing in 
blue-red shades. As would be expected, the nitro-gi'oup 
shifts the colour right into the violet. 

(c) Most substituents at 5 have little effect, a nitro- 
group merely producing orange shades. The influence of 
primary, secondary, and tertiary amino-groups, however, is 
more marked, the entrance of these groups leading to red 
or bordeaux colours. 

(d) Although but little data is available, substituents 
at 8 seem to exert much the same effect as those at 4. If 
there are active substituents at both 4 and 8, t hen blue or 
violet dyes are obtained. Thus, 4-®‘*l^flydroxy-i,5-di- 
benzoylamino-anthraquinone dyes in blue shades, 4-hydroxj’- 
i.8-dibenzoylamino-anthraquinone in violet shades, and 
1.4.5.9-tetrabenzoylamino-anthraquinone in red-violet shades. 

The manufacture of the acyl amino-anthraquinones is 
very simple. They are invariably formed by boiling the 
corresponding amino-anthraquinone with the acid, or better 
with the acid chloride, in solution in some neutral solvent 
of high boilir^-point, such as nitro-benzene. 

(iv) TheAnthraquinonelmides. — ^Thesecondaryamino- 
anthraquinones are usually red or bordeaux dyes, and are 
rea^y obtained by condensing an amino-anthraquinone 
with a chloro-anthraquinone in the presence of sodium 
cwbonate or acetate and either copper powder or cuprous 
chlonde .«5 Most of the dyes contain three anthraquinone 
residues. The most important members of the series are : 
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Indanthrene Bordeaux B. 
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^cq/ 
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\ / 

O 


NH 
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Indanthrene Red G and R. 


C1[6]Ci4Ho02[i]NH[2]Ci4H602[7]NH[i]Ci4Hc02[7]C1 
Indanthrene Bordeaux B Extra, 


MeO[4]CuHc02[i]NH[2]Ci4HflOa[6]NH[i]Ci4Ho02[4]OMe 
Algol Bordeaux 3B. 

Algol red B is also an anthraqninone imide, bitt in addi- 
tion contains a pyridine ring.** It is obtained by condensing 
a-brom-anthraquinone with methylamine and then acetyl- 
ating the product (I). This acetyl derivative (11) on loss of 
water passes into III, which when brominated and then con- 
densed with /3-ainino-anthraqitinone gives the dyestuff (IV) : 




jifi;]cH— CO 
"o! \nch. 



II. 



THE ANTHRAQUINONOID DYES 187 

Tlie entrance of halogen atoms into the indanthreue 
molecule produces dyestuffs of a rather greener shade, but 
at the same time renders the oxidation to the azine less 
easy. Hence the halogenated indanthrenes are faster to 
chlorine than indanthreue itself. The most important of 
them are the dichloro- derivative (indanthrene blue CCD) 
and the dibromo- derivative (indanthrene blue GC). 

The oxidation of the cyclic hydrazine to the corresponding 
azine could obviously also be prevented by replacing the 
two imino-hydrogen atoms by alkaly radicles. This has 
been done by Bayer and Co., who place the di-N-methyl 
derivative on the market as algol blue K. This dyestuff 
is prepared by heating 2-brom-i-methylamino-anthraquinone 
with sodium acetate and cuprous or cupric chloride. 

A dihydroxy compound (algol blue 3G) is made by 
heating i-amino-2-brom-4-oxy-anthraquinone with caustic 
soda and copper powder. 

An isomer of indanthone has been described.®* It is 
prepared by condensing 2.3-diamino-anthraquinone with 
alizarine and has the formula : 



(vi) The Flavanthrenes.— These consist of highly con- 
densed dianthraquinonyl derivatives containing only two 
carbonyl groups. The best known member of the series 
is flavanthiene itself (indanthrene yellow G and R). This 
appears as a side product in the manufacture of indanthrene 
blue RS, but is best obtained by heating /8-amino-anthiaqui- 
none with antimony pentachloride in nitro-benzene solution.®® 
The constitution of the dye was proved by Scholl,®* who 
synthesized it as follows : 


Section XII.— THE QUINOLINE DYES 


There are a few compounds derived from quinoline which 
have tinctorial properties, although all of them are of very 
minor importance. 

Cyanine. — ^This was discovered by Williams in 1S56, 
and is obtained by heating equimolecular proportions of 
quinoline and lepidine (y-methyl quinoline) with alkyl iodides 
(two molecules) in the presence of alkali. The mono-acid salts 
are blue, but the diacid salts are coloitrless. As the mono- 
acid salts are strongly basic and are capable of absorbing 
carbon dioxide from the air to form the colourless diacid salts, 
the substance is useless as a dye. Some of the cyanines are 
used for preparing orthochromatic photographic plates. 

Their constitution is not known, but they are probably 
triphenyl methane derivatives. 

Quinoline Red. — ^This is probably also a triphenyl 
methane derivative. It has the formula C20H19N2CI. 
It is prepared by condensing crude coal tar quinoline with 
benzotrichloride. According to Hoffmann it consists of 
two dyes, one formed by the union of a molecule of bcnzo- 
trichloride with a molecule of quinoline and one of quinaldinc, 
and the other by the union of benzotrichloride with iso- 
quinoline and quinaldine. It dyes silk and wool red, and 
the shades are strongly fluorescent, but very loose to light. 
Like the cyanines it finds application in the preparation of 
orthochromatic plates. 

Vongerichten has shown that on oxidation it gives 
a-quinolyl-o-isoquinolyl ketone : 


Section XIII.— THE ACRIDINE DYES 

The simple acridines arc pale yellow compounds wliicli are 
noted for the strong fluorescence they exhibit. They may 
be regarded as desmotropic substances exhibiting double 
symmetrical tautomerism : 
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The entrance of the amino-group increases the colour and 
at the same time confers tinctorial properties on the acridines. 
The commercial dyes all contain an amino-group in the para- 
lx)sition to the ws-carbon atom, and the increase in colour may 
be due to this rendering a third desmotropic form pos.sible 



The first acridine dye was obtained by Nicholson in 
1863 from the mother liquors from the manufacture of 
magenta. The constitution of this compound was dis- 
covered by Fischer and Koerner,^ who prepared it by con- 
densing o-nitro-benzaldehyde with auijine and then reducing 
the nitro-grotip. The triamino-triphenyl methane thus 
obtained passed into the acridine on oxidation : 
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The dye is still used to a considerable extent, especially 
for colouring leather, under the names of chrysaliline, 
leather yellow, phosphine, etc. The commercial article 
is a mixture of the above acridine and the corresponding 
toluene homologue. Its formation as a bye-product in the 
manufacture of magenta is obviously due to part of the 
condensation taking place in the ortho-position : 



But few acridine compounds are of any importance as 
dyes. They are obtained by condensing aldehydes with 
meta-diamines in acid solution and then closing the acridine 
ring by loss of ammonia (heating with hydrochloric acid 
under pressure). Thus, when formaldehyde is condensed 
with m-toluylene diamine, a tetramino-ditolyl methane is 
formed (II). This when heated with hydrochloric acid 
under pressure gives the dibydroacridine (III), which on 
oxidation (air or ferric chloride) passes into the dyestuff, 
acridine ydlow (IV) ; 
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Benzoflavine ® is formed in the same way from »j-toluy- 
lene diamine and benzaldehyde. It has the formula : 



THE ACRIDINE DYES 


^95 




.N. 


CH 


u. 


X 


\c/ 

CaHs 

Benzoflavine, 


jNHo 

‘cHa 


A few acridine dyes have been obtained by fusing the 
acetyl derivatives of asym.-dialkyl-m-diamines with phthalic 
anhydride and then hydrolysing the product, when simul- 
taneous loss of ammonia takes place : ® 
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Flaveosin 
D.R.P. -49,850. 


Other acridine dyes are : 


C^O 



Acridine Orange. 
D.K.p. 59,179. 



Acridine Orange R Extra. 
D.R,P. 68,908. 
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Section XIV.— THE SULPHUR OR SULPHIDE 

COLOURS 


The composition of this important class of dyes is quite 
uninown, and they are manufactured by empirical methods, 
details being preserved very strictly as trade secrets.’ The 
first dyestuff of this class was obtained in 1873 by Croissant 
and Bretoni&rre, who, by heating various organic waste 
products such as bran, wood chips, straw, etc., with sulphur 
and sodium sulphide, obtained a substance which was soluble 
in sodium sulphide solution and capable of dyeing cotton 
in brown or brown-black shades. This they named Cachou 
de Laval. Since then the sulphur melt has been enormously 
extended, it being the general routine in the dye factories 
to submit every new aromatic compound obtained to the 
sulphur melt under various conditions. 

The sulphide dyes are only applicable to cotton, which 
they dye from a bath containing sodium sulphide, altliough 
recently sulphide coloius have been introduced which 
require a hydrosulphite vat. They dj'e in very fast shades 
of yellow, brown, blue, violet, and black, althou^ the 
colours are usually rather dull. True reds have not yet been 
obtained. 

The condition of the dye in the dye bath is uncertain, 
but it is probably present as a reduc tion product, as many of 
the dyes require subsequent oxidation on the fibre, although 
this is not always the case. 

The chemical composition of the dyes is stiU quite un- 
known, but they probably consist chiefly of very complicated 
thiazine compounds containing a large number of thiazi-np 
rings and probably also mercaptan groups. At the same 
time it is likely that many of them also contain thiazole 
groups, thus resembling primuline. 



THE SULPHUR OR SULPHiM COLOURS 

by Vidal from j^-aminopbenol ojr ^-pbeiyl^ile' "^altune, 
and was named Vidal’s black after its'^^sQverer. It, how- 
ever, gives rather brownish shades, and tiie 

/i iTi 4*r» K/a /xl-vfo •ok^q.o 


(iminedial black FF) to be obtained 
dinitroindophenol : 

NOa 

0=<3>=N-<^NOa 



or rather tlie corresponding diphenylamine derivative, 
obtained by condensing clilordinitrobenzole with ^-amino- 
phenol.^® 

The most important black, however, is derived from 
i.2.4.-dinitrophenol by fusing with sulphur and sodium 
sulphide. This is placed on the market by almost all the 
important firms under various trade names, such as sulphur 
black, katigen black, immedial black N, etc. It is one of 
the most important black dyes, the annual consumption 
being upwards of 5000 tons. 

The details of the fusion employed vary widely in 
different works, but a good black is obtained by dissolving 
4 parts of crystallized sodium sulphide and parts of 
sulphur in 5 parts of water, and then adding 1 part of dinitro- 
phenol little by little, and finally boiling the whole for 24 
hours. 

Greens. — Green sulphide colours are .usually only 
obtained when copper sulphate is added to the melt. Thus, 
when ;^-nitrophenol is melted with sulphur and sodium 
sulphide a black (Vidal’s black) is obtained, but in the 
presence of copper sulphate a green dye (Italian green) 
results. In the same way the indophenol : 



gives immedial green 
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at least temporary protection must be offered to the “ key ” 
industries, and the future of the dyestuff industiy is no 
doubt largely dependent on the intelligent application of 
this principle. 

The Government, recognizing the national iniportance of 
establishing a dyestuff industry, have decided to give ff uancial 
assistance to manufacturers, and have recently published 
details of their proposals.* These provide for financial aid 
of two kinds, viz. A. Toaus, and B. Grauts-in-Aid of (i) 
Buildings and Plant ; (2) Research. 

Loans. — ^I/oans are to be made chiefly to further the? 
production of special classes of dyes, either not hithcito 
manufactured in this country, or only manufactured to an 
insufficient extent, and which entail abnormal exi^enditure 
on plant. 

Gmnts-in-Aid. — Grants-in-aid are to be made to meet 
abnormal depreciation and capital cost of plant due to the 
war, and will not exceed 40 per cent, of the total cost of the 
plant and buildings on account of which they are made. 
They will also be made for Research, by which term is to bo 
understood specialized technical research conducted in 
close connection with the actual manufacture of dyes and 
itttermediates. The grants must not exceed 40 per cent, of 
the actual cost of any extensions of laboratory buildings 
and equipment, and 40 per cent, of the maintenance costs 
of such buildings. 

The general conditions for the granting and administra- 
tion of loans and grants-in-aid may be summarized as 
follows : — 

(i) The recipient must apply them to develop in the 
shortest possible time the manufacture of colours which are 
in short supply, the nature and quantity of which are to be 
determined or approved by the Board of Trade. 


• "Memorandum by the Board of Trade on the Scheme for the 
^o»tion and Administration of the Funds provided by Parliament for 
me Developmejit of the Dye Industry by means of Financial Assistance 
■ to ComTOm^ and Firms in Aid of Developments, Extensions, and 

“• 2*“-Ab3tracted in J.S.C.L, 
1 91S, p. 428 (Review). ' 
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acid-resisting alloj’-s for various purposes, standardization 
of sizes, etc. 

Apart from aJl schemes of Government aid the future of 
the dyestuff industry cannot be said to be clear. The 
combination of the two leading firms in this country will 
leave the supply of dyestuffs more or less in the hands of the 
combine, and however desirable this may be from the point 
of view of avoiding wasteful competition, and from the point 
of view of the shareholders, its desirability from the con- 
sumer’s point of view is not so clear. It is true that the 
Government intend to prevent artificial prices being main- 
tained by granting importation licences, but agreements of 
some sort seem to have been arrived at between the combine 
and French and American producers. The contents of 
these agreements have not been published, but if they include 
arrai^ements for fixing prices it would seem that the only 
safeguard would lie in the importation of dyes from Germany ; 
and if, at some future date, the British combine were to 
make similar arrangements with the German combine, the 
dyer would be reduced to buying what was offered, and at 
the price at which it was offered. Such an arrangement may 
never, of course, be brought about, but with the trade more 
or less concentrated in the hands of one firm the danger is 
always present. 

From a purely economic point of view the cost of pro- 
duction would probably be at a minimum if the benzole 
and toluol producers converted their products into inter- 
mediates and then sold these to the actual dye-makers. 

Owing to the excellent transport facilities enjoyed by 
most coke-oven undertakings, and to the fact that heat is 
available free of cost in the form of surplus gas from the 
ovens, or in the form of blast-furnace gas, the production 
of intermediates could be carried out by such firms at a 
mimmum cost. Another advantage of this scheme would 
be that the free sale of intermediates would allow the 
smaller dye-makers to compete on more even terms with the 
large undertakings, whereas, at present, they must either 
make their own intermediates— an expensive operation where 



CONCLUSION 


207 


comparatively small quantities of a large number of pro- 
ducts are required, — or alternatively they must buy them 
from their competitors. Such schemes have for some 
time been under discussion both in this country and in 
America, but war conditions have so far caused them to 
be shelved. The arrival of peace may, however, see their 
realization. 
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Acetnaphthalide disulphonic 
acid, 54, 62 

Acid alizarine blue BB, 177 
GR, 177 
green B, 177 
G, 177 

authraquinone dyes, 177 
azo dyes, 101 
magenta, 3, 122 
Acridine dyes, 193 
orange, 195 

R Extra, 195 
yellow, 194 

Acylaminoanthraquinone, 183, 184 
Afterchrome azo-dyes, 101 
Algol blue 3G, 187 
K, 187 

bordeaux 3B, 196 
pink R, 183 
red B, 186 
5G, 183 
scarlet G, 183 
yellow 3G, 183 
R, 183 
WG. 183 

Alizarine, 3, 170, 171, 172, 173 I 
GD, 175 
GI, 175 
RG, 175 
RX, 175 
SCD, 176 
SX Extra, 175 
Astrol, 179 
blue, 173, 174 
bordeaux, 174, 175 
brilliant green G, 1 79 
brown W, 176 
WG, 176 

cyanine green E, 179 

G Extra. 179 
K. 179 
R, 174, 175 
cyanol R, 178 
. direct green G, 179 
violet R, 178 ' 
garnet, 174 

R 2. 


Alizarine green S, 174 
X, 173 
indigo blue S, 173 
irisol D, 178 
orange A, 173 
N, 173 

pure blue B, 179 
red S, J 73 
saphirol, 177 
yellow GGW, 102 
Alkali blue, 123 
brown. 109 
Amidation, 27 

Amino anthraquinone, 42, 43 
azo benzole, 32, 100 
F-acid, 54, 55 
G-acid, 38, 55, 56, 63, 94 
naphthol disulphonic acid, 55, 73 
G-acid, 56, 73 
R-acid, 38, 55 
sulphonic acid, 38, 55. 

56. 73 

phenol, 34, 67 

sulphonic acid, 52 
R-acid, 38, 56 
salicylic acid, 35 

Anhydroformaldchyde aniline, 110 

Aniline, 29 

black, 2, 147, 148 
blue, spirit soluble, 122 
salt, 30 

yellow, 32, 100 
Anthracene blue WR, 175 
brown, 176 
Anthrachrysone, 176 
Anthraflavone G, 180, 181 
Anthranilic acid, 41 
Anthraquinone, 82 
acid dyes, 179 
acridone, 188, 189 
azines, 186 

disulphonic acid, 63, 64 
dyes, 170 
hydrazine, 186 
imides, 184 
mordant dyes, 170 
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INDEX 


Anthraquinone snlphonic acid, 47 , 
03, 04 

thiourea, 183 
thioxanthone, 180 
urea, 183 
violet, 178 
xanthone, 189 
Anthrarufin, 170 
Aposafranines, 133 
Auramine G, 111 
O, 111 
Aurautia, 88 
Aurines, 123 
Azines, 133, 134 
Azocarmine B, 143 
G, 143 

Azo green, 116 

Azonium compounds, 133, 130 
Azophenine, 144 
Azophor blue, 90 
red, 90 

Azo violet, 103 


Badische acid, 56, 62 
Basic azo dyes, 100 
Basle blue, 146 
Bayer*s acid, 63, 66, 69 
Benzal chloride, 76, 77 
Benzaldehyde, 78 
Benzanthrone, 182 
Benzene disulphonic acid, 48 
sulphonic acid, 48 
Benzidine, 40, 92 
Benzo fast scarlet, 99 
flavine, 194, 195 
Benzoic acid, 79 
Benzo indigo blue, 103 
orange R, 102 
purpurine, 103 
trichloride, 76, 77 

Benzoyl amino anthraquinone, 183 
184 

chloride, 77 
Benzyl chloride, 76, 77 
Benzylidene aniline, 22, 23 
Biebrich scarlet, 3, 102 
Binscheidler's green, 116 
Bismarck brown, 2, 3, 101 
Brilliant benzo fast violet, 102 
green, 116 
yellow, 103 

Brom dimethyl aniline, 93 
BrSnner’s acid, 38, 64, 55 

Cachou de Laval, 3, 196 
Capri blue, 161 

Carbazole indophenole, 131, 198 
Chloramine yellow, 110 


Chloranthraquinone, 78 
benzole, 76 
dinitro benzole, 18, 0(» 
iiitrobcnzolc, 17 
Chrome violet R, 123 
yellow D, 102 
Chromotrope zB, 102 
SB. 102 
2R. 102 

Chromotropic acid, 65, 72 
Chrysaniline, 2, 101, 194 
Chrysoidine, 3 
Chrysophenine, 103 
Ciba blue zB. 106 
bordeaux, 168 
green, 164 
heliotrope, 106 
red B, 168 
G, 168 

scarlet G, 168 
R, 168 
violet A, 168 
yellow, 166 
Clayton yellow, 109 
elevens acid, 64, 62 
CceruleJne, 126, 126 
Colour and constitution, 7, 96 
Columbia black, 103 
Congo brown G, 103 
Corinth, 103 
red, 4, 103 
Cotton brown, 197 
yellow, 103 

G, 103 
R, 109 

Coupling, 93 * 

Cresol, 70 

Crocein acid, 63, 55, 59, 94 
scarlet, 102 

Crystal violet, 117, 121 
Curcumin S, 105 
Cyanine, 191 

Dahl*s acid, 66, 62 
Dehydrothiotoluidinc, 81 
Developed colours, 1 1 1 
Diamine fast red, 103 
green, 106 

G, 103 
orange N, 105 
pink, 109 
yellow, N 102 
Diamino anthraquinone, 43 
stilbene disulphonic acid, 35 
Dianisidine, 41, 90 
blue, 104 

Diazo brilliant scarlet, 1 09 
Diazotizalion, 90 
Dichloranthraquinone, 78 
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Dichlor benzole, 76 
Diethylaniline, 34 
Dimethylaminobeiizene sulphonic 
acid, 93 

Dimethyl aniline, 33 
toluidine, 93 
Dinitro benzole, 15 
chlorbenzole, 18, 66 
diphenyl amine, 88 
naphthalene, 19 
phenol, 26, 66, 87 
toluol, 16 
Dioxin, 84 

Dioxynaphthalene disulphonic acid, 
56, 72 

Diphenyl amine, 41 
Diphenylmethane dyes, 111 
Direct cotton colours, 97 
Direct yellow G, 106 
Doebner’s violet, 115 

Eclipse brown, 197 
Eosine, 3, 126 

Erweco acid alizarine red BS, 173 
R, 178 

Erythrosine, 126 
Eurhodines, 133, 137 
Eurhodoles, 133 

E-acid, 38 
Fast brov^n G, 102 
green O, 84 
neutral violet C, 146 
pink for silk, 147 
red A, 102 
Flavahthrene, 187 
Flaveosine, 195 
Flavinduline, 140 
Flavopuipurin, 176 
Fluorescein e, 3, 124, 125 
Fuchsine. See Magenta 
Fuchsone, 113 
Fuchsonimine, 113 

G-acid, 63, 55, 60 
Galleine, 126, 126 
Gallocyanine, 151 
Gambin R, 84 
y, 84 

H-acid, 56. 73 
Helindon blue 3GN, 106 
orange R, 168 
red B, 168 
scarlet R, -168 
S, 168 

yellow 3GN, 183 
Helio fast yellow 6GL, 183 


Hexanitrodiphenylamine, 88 
Hofmann's violet, 2 
Homorosaniline, 118 
Hydrone blue, 4, 131, 198 
H3’'droxylation, 66 

Ice colours, 103 
Immedial black N, 199 
FF, 199 

green, 199 
indone, 198 
pure blue, 198 
yellow, 197 
Indamines, 128 
Indanthreno, 4 
blue CCD, 187 
GC, 187 
R, 186 

RS, 186, 187, 188 
bordeaux B, 186 

B Extra, 185 
brown B, 189 
copper R, 189 
dark blue, 182 
green B, 182 
grey B, 189 
golden orange G, 182 
R, 183 

maroon R, 189 
red BN Extra, 188 
G, 176 
R, 185 

scarlet G, 182 
violet 2R, 183, 188 
R Extra, 183 
RN, 188 
RT. 182 

yellow G, 187, 188 
R, 187, 188 
Indican, 160 

Indigo, 4, 160, 161, 162, 163, 164 
2B, 166 
4B, 166 
5B, 166 
6B, 166 
carmine, 164 
G, 164 
RB, 166 
2R, 166 
salt, 162 
T, 164 

Indigoid dyes, 160 
Indophenols, 128 
Indoxyl, 160 
Induline B, 144 
3B, 144 
scarlet, 146 
Indulines, 133, 143 
Ingrain colours, 103 
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lodiuc j>Tccii, 2 
Iris blue, 153 
Isopurpurin, 175 
Isothionine, 155 
Italian green, 109 

J-AciD, 54, 56, 73 

K-acid, 65, 73 
Katigen black, 199 
Kyrogen brown, 198 
indigo, 198 

L-acid, 54, 72 
Lanazyl blue, 102 
violet, 102 

Laurent's acid, 54, 56, 61 
Lauth's violet, 4, 155 
Leather yellow, 194 

jMadder, 171 
Magdala red, 147 
Magenta, 1, 116-122 
Malachite green, 3. 113, 115 
Martins yellow, 87 
Mauveine, 1, 145 
Mcldola's blue, 150 
Metanilic acid, 51 
jMetanil yellow, 97 
Methyl green, 117, 121 
orange, 102 
violet, 2, 120, 121 
6B, 121 

Methylene blue, 4, 156, 157, 158 
green, 158 
violet, 146 

Michler’s ketone, 81, 120 
Mikado yellow, 106 
Mimosa, 109 
M.N.T. mixture, 16 
Monoethylaniline, 34 
methylaniline, 32 
nitro benzole, 15 
toluol, 16 

Mordant azo dyes, 101 
Muscarine, 152 
/t-acid, 56, 62 

Naphthalene disulphonic acid. 53 
54. 55, 58 

sulphonic acid, 53, 57 
trisulphonic acid, 55, 58, 59 
Naphthine S, 105 
Naphthionic acid, 54, 56, 61 
NaphthoJ, 71, 93, 94 
AS, 104 
black, 102 
blue black, 102 
disulphonic acid, 53, 55, 60 


Naphthol F-acid, 55 
green B, 85 
indophenol, 130 

sulphonic acid, 53, 54, 55, 56, 
: 59, 71, 72, 93, 94 

yellow S, 87 

Naphthylamine, 35, 36, 93, 94 
brown, 102 

disulphonic acid, 38, 47, 55, 56, 
62, 63, 93, 94 

sulphonic acid, 38, 54, 55, 56, 
61, 62 

trisulphonic acid, 55, 58, 59 
Neutral blue, 140, 146 
red Extra, 138, 139 
violet, 139 

Neville and Winter’s acid, 56, 71 
New fuchsine, 120 
process, 119 

I methylene blue, 152, 158 
Nicholson’s blue, 2, 123 
Night blue, 123 
Nile blue A, 152 
2B, 152 

Nitraniline, 22, 23, 24, 30, 81, 91 
sulphonic acid, 47, 52 
Nitration, 11 
Nitro anisole, 41 
anthraquinone, 21 
benzole, 15 

sulphonic acid, 51 
chlorbenzole, 17 
dyes, 86 
naphthalene, 18 

sulphonic acid, 20, 21, 54 
trisulphonic acid, 55, 58, 09 
phenol, 25, 86 
toluol, 10 

sulphonic acid, 51 ’ 

xylol, 17 

Nitrosamine red, 90 
Nitrosodimethylaniline, 81 ' 

dyes, 84 
naphthol, 84 
phenol, 67. 84 

Old fuchsine process, 117, 118 
Orange I, 3, 102 
II, 3, 102 

III, 3 

IV, 3, 97 
Oxazines, 149 
Oxyanthranol, 179 

I Oxybenzoic acid, 93. See also Sali- 
j cylic acid 

Para red, 104 
Pararosaniline. 117, 118 
Pararosolic acid, 123 
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